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Presently, scientific communities are confronting Earth’s foremost environmental issues
using best management practices. However, an increase for need in the synthesis of socioecological principles using a multi- and trans-disciplinary approach is required for solutions that
benefit both nature and humans.
To examine whether a community perceives stormwater runoff as both a local resource
and threat to coastal water quality, an online survey of the Ventura River watershed community
probed local residents’ understanding of watershed knowledge, beliefs, and behavior with
regards to their local environment as it pertained to water resources, especially as affected by
human activity.
Analysis of 144 participants’ responses and their self-reported water activity, water
activity frequency, and perceptions of Ventura River’s discharge and stormwater runoff reveals
the community’s behavior regarding exposure to poor water quality in a local coastal
environment and, ultimately, the survey participants’ level of geoliteracy concerning their local
watershed. A statistical analysis between categorical variables of the survey questions examines
relationships between self-reported waterborne illness symptoms and the water activities that

participants enjoy regularly and/or perform for work. The survey responses demonstrated
common themes in water knowledge that exist throughout this particular coastal community.
Additionally, through the use of an optical and historical classification system, the
Ventura River’s sediment discharge was examined both remotely and in situ. Multispectral ocean
color satellite sensors have been useful in monitoring the water quality of Case 2 waters.
Particularly, after severe storm events contaminants can be carried along with storm runoff from
urban storm drains and Mediterranean river mouths which then enter coastal and recreationally
trafficked water. Earth scientists have observed poor water quality occurring offshore in Case 2
waters near major river mouths and urban areas causing the coastal water column to deteriorate
in quality.
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CHAPTER I
INTRODUCTION
Introduction
“Slow it, spread it, sink it,” is a phrase coined by Brock Dolman in A Homeowner’s and
Landowner’s Guide to Beneficial Stormwater Management (2010), that discussed changing the
modified impervious land cover back into a surface that promotes improved watershed health
and a sustainable hydroscape. Historically in the United States, coastal wetlands and estuaries
have been drained and replaced by urban and agricultural land cover, altering the natural
landscape (Tignor & Grove, 1996). Specifically, the coast of California has experienced a rapid
change in its hydroscape and a substantial loss in coastal wetlands (Zedler, 1996). In addition,
throughout human history the desiccation of the environment has been observed in human
development towards improving cultural and economic expansion (Daly, 1975; Tignor & Grove,
1996).
Presently, scientific communities are working to confront Earth’s foremost environmental
issues using best management practices (Dash, Silwal, Ikenga, Pinckney, Arslan, & Lizotte,
2015; Noble, Weisberg, Leecaster, McGee, Dorsey, Vainik, & Orozco-Borbón, 2003). Earth
scientists have observed phenomena that can impact the quality of a watershed. Currently,
California coastlines are facing environmental issues caused by an over development of
impervious surface as well an overload of agricultural and industrial nutrients into the water
(Williams, 1994). Nutrients used in excessive amounts by industries as well as the lack of coastal
1

pervious surface can cause a watershed to deteriorate in health due to stormwater runoff
exacerbated by urban land cover (Lahet & Stramski, 2009; Nezlin, DiGiacomo, Diehl, Jones,
Johnson, Mengel, & Wang, 2008; Noble et al., 2003). Efforts toward the normalization of
scientific data are important for growth and understanding of the human-nature relationship and
may help achieve healthy environments.
Ventura water historical overview
The Ventura River Watershed (see figure 1.1) is located within a Mediterranean climate
system and predominantly experiences a wet season with precipitation beginning in November
and continuing into April. The Ventura Watershed residents do not currently rely on the
California aqueduct system thus the importance of ground and surface water health may have
major economic impacts. Trending North to South, the Ventura River Valley and its tributaries
flow through two major dams before emptying intermittently into the Santa Barbara Channel
located in Southern California. The Matilija Dam, built in 1948, has since filled up with
sediments and the long-debated discussion for dam removal is finally being put into action
(Beller, Grossinger, Salomon, Dark, Stein, Orr, & Beagle, 2011). Casitas Dam, completed in
1959, created the Lake Casitas Reservoir and has allowed for the growth of the surrounding
cities that rely on this reservoir for a municipal water supply. The Ventura River Municipal
Water District formed was formed in 1952 and continued the efforts of flood control and
conservation in response to the water shortages that still to this day continue to plague the area
(Triem, 1995).
Human activities both past and present impact the watershed and include but are not
limited to oil fields, animal grazing, confined animal areas, recreational areas, day use and
overnight campgrounds, multi-use trails, highways and roadways, urban surface cover, and
2

septic systems (California Regional Water Quality Control Board, 2002). Degradation of
Ventura’s water quality occurred before the implementation of the Water Quality Act of 1970.
Furthermore, from 1951 to 1973, during the production of urea, Shell Oil Company discharged
ammonia into the Ventura River (CRWQCB, 2002). Additionally, the Ventura Avenue oil fields
have historically used holding ponds and sumps, which can be defined as depressions that collect
chemical laden water (CRWQCB, 2002). Awareness of the environmental degradation that
occurred throughout the early 19th and 20th centuries prompted concerned citizens to take action.
The California Environmental Quality Act of 1970, modeled after the National Environmental
Policy Act of 1970, has allowed citations to be issued to point source and nonpoint source
polluters more frequently.
As of January 19, 2020, the Lake Casitas Reservoir was at 41.7% capacity (Casitas
Municipal Water District, 2020). California has historically taken a reactionary approach to
conserving water as a resource. During times of drought, rebates on water efficiency technology
are offered. Since drought has thus far been a cyclical phenomenon, it should be no surprise that
a person will experience multiple droughts throughout their lifetime. Research has found a
relationship between human processes and climatic variability to water quality (Brown, Sutula,
Stransky, Rudolph, Byron, 2010; Feng et al., 2012; Lahet & Stramski, 2010; Lipp et al., 2001;
Nezlin & DiGiacomo, 2005; Nezlin et al., 2008; Noble et al., 2003; Mallin et al., 2000; Petus et
al., 2014; Shang et al., 2011; Warrick et al., 2004; Zhang et al., 2010). Specifically, the
variability of climate and California’s recent drought conditions have been influenced by urban
land cover’s inability to capture the untreated stormwater runoff before it reaches the coastal
waters.

3

Southern California’s ongoing drought conditions make it imperative for land cover to
support water saving practices. Not only does the urbanization cycle affect water chemistry but it
also prevents rainwater and its runoff from recharging the much-needed groundwater reservoirs
(Ahn et al., 2005; Lipp et al., 2001; Napieralski et al., 2016; Noble et al., 2003).
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Figure 1.1

Visible in the satellite imagery are the Ventura river with adjacent urbanized
downtown, the Ventura Avenue anticline, the USGS stream gaging station along
the Santa Barbara Channel in the Pacific Ocean (Google Earth imagery, 2019).
5

Water quality management
California and other U.S. states have organizations with ambitions to protect watershed
health. These water quality organizations include every level of government and nonprofit
organizations and are not limited to the following: Association of California Water Agency,
California Water Alliance, California Coastal Commission, the California Department of Water
Resources, Channelkeeper, Community for a Clean Watershed, Clean Water Action, The
California Coast, East End Eden, EPA, Ocean Conservancy, Nature Conservancy, Stop Ventura
Fracking, Sierra Club, Riverkeeper, Surfrider, United Water Conservation, and Waterkeeper
Alliance. The list continues to grow and can be difficult to follow the multiple organizations that
govern or are involved with the health of the hydrosphere. There is no shortage of community
efforts that work towards the protection of Earth’s natural resources. So why do some
communities still experience contaminated water or a lack of water resources?
The Federal Water Pollution Control Act was established in 1948 and later revised in
1972 to become the Clean Water Act (Wright & Boorse, 2011). The Clean Water Act was
created due to a growing concern by U.S. citizens over the health of their environment (Wright &
Boorse, 2011) and aimed to restore surface water quality. The California Water Association
(CWA) is the chief organization that monitors, inspects and sets the water quality benchmarks
for contaminants in surface water (United States Environmental Protection Agency, 2012). The
National Pollutant Discharge Elimination System (NPDES) is the federal permit program that
regulates stormwater discharge taking place mostly at the state level. However, the
Environmental Protection Agency (EPA) may step in to oversee authorized state programs
(Wright & Boorse, 2011). The effort of NPDES includes controlling point source discharge to
rivers and the ocean.
6

NPDES Permit No. CAS004002 Order No. 09-0057 was adopted in 2009 by the Regional
Board and added 70 new requirements for improvement of watershed health providing a twoyear timeline (U.S. EPA, 2012). Clean Water Act section 303(d) lists the total daily maximum
load (TMDL) for water bodies and requires each state identify their problem areas and develop a
plan of action (U.S. EPA, 2012). The California Regional Water Quality Control Board
(CRWQCB) compiled a report on the Ventura River Watershed water quality (2002). The
Ventura County Watershed Protection District (VCWPD) includes ten cities and carries the
responsibility of monitoring wet and dry weather runoff, construction, land development, public
infrastructure, illicit discharge, inspections, and public outreach.
Currently, California State Parks owns and cares for some of the Ventura River bottom.
What began as an effort to remove the invasive species of giant reeds became a struggle to
maintain the growing mountains of garbage that the Ventura River bottom residents create then
abandon (California State Parks, 2016). Figure 1.2 shows the water quality impairments for the
Ventura River Watershed according to a study conducted by the Ventura River Watershed
Council (VRWC) (2014). Three miles (4.83 km) of the river are protected as the Ventura River
Preserve. The Ojai Valley Land Conservancy enthusiastically defends the land and leads
continuous efforts in restoration (Ojai Valley Land Conservancy, 2016). The Ventura River
watershed (VRW) is currently the singular source of freshwater for the Ventura River Valley
community.
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Figure 1.2

Water quality impairments for Ventura River reaches. Source: VRWC, 2014.
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Political ecology water perspectives
Using an interdisciplinary approach, water as a resource can be imagined and visualized
as an object that is reliant on the human enterprise. Political ecology (PE) can be described in
many ways depending on the perspective. To an urban geographer, political ecology may help to
address the intersection concerning urbanites and any impacts they have on the local ecology.
According to Paul Robbins (2012), PE is an approach that looks at the bigger picture and has a
multi-faceted relationship between all actors and objects both near and far. PE is a useful
perspective for both the social scientist and the physical scientist who can share common ground
in their endeavor to unravel the “human-environment” relationship (Robbins, 2012), examining
the fabrication of space to be scrutinized from both a sociological and ecological standpoint. To
an Earth scientist, using the “overview effect,” this perspective examines and navigates the
relationship between Earth’s spheres and where humans fit in and their impact on those
intersections.
Furthermore, in an attempt to implement best management practices (BMP) for the
natural environment and the humans that live within nature, political ecologists work with both
government and non-government organizations (NGOs) to alter any current state of affairs that
are harmful to the actor or object (Robbins, 2012). PE in combination with Earth science can be
used to examine ownership and (mis)management of natural resources. Earth science and
political ecology can be used to describe the relationship between everything both natural and
unnatural.
Stormwater quality
Monitoring water quality can be both time consuming and costly. However, the United
States Geological Survey’s (USGS) surface water daily statistics from the national hydrologic
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dataset (USGS, 2019) can provide an indication of the quality of the water using their available
daily parameters. The detection and analysis of suspended particulate matter (SPM) can assist
scientists in recording and tracking both river and coastal water quality to determine the amount
of pollutants affecting the watershed during large storm events and assist in issuing timely health
advisories. Hydrologic data combined with field measurements can help better understand the
current biogeochemical conditions of stormwater quality.
The USGS hydrologic data and analysis of suspended particulate matter concentrations
have allowed scientists to monitor the stormwater quality of complex and turbid coastal water
referred to as Case 2 water. (Akbar et al., 2009; Lahet & Stramski, 2009; Nezlin et al., 2008). It
is important to note that remotely sensing the water quality of a Mediterranean climatic coastal
watershed during the rainy season when water quality is typically at its worst has proved
challenging (see figure 1.3). Additionally, during the early summer frequent cloud cover and
coastal fog along the coastline prevent satellites from collecting useful data. Alternatively, using
a remote sensing approach for a time-series analysis of the spatial distribution of suspended
sediment plumes can prevent the ability to collect ocean surface reflectance due to cloud cover
that is too dense.
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Figure 1.3

A MODIS Aqua satellite image acquired on 1/15/05 demonstrates the impact of a
significant El Niño low pressure system and resulting sediment plume from the
January 10, 2005 La Conchita deadly mudslide.

Science literacy in the United States
Reforms in science literacy and education have undergone major transitions and have
shifted perspective over time. In 1893, the National Education Association (NEA) recommended
that the main branches of science to be taught in public school included biology, chemistry, and
physics excluding geology and the Earth sciences. In George DeBoer’s (2000) summary of
scientific literacy and its relationship to science education reform, scientific literacy was first
introduced in the 1950s but before its introduction into society, science education was only for
those pursuing scholarly achievement of the uppermost level (Brinkhorst & Eager, 1986; Clary
& Wandersee, 2009; DeBoer, 2000). The focus of the science community was to prepare future
scientists and little thought was given towards what the average American should know about
science (DeBoer, 2000).
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In the 1960s, the purpose of science education shifted and a society that was
compassionate to scientific discoveries and understood science became the new emphasis.
During this time period, there were limited applications of science that were linked to
Americans’ daily experiences (DeBoer, 2000). The science curriculum focused only on teaching
the theoretical representations of the Universe that were organized by scientists (DeBoer, 2000).
During the 1980s, ambitions shifted to foster a scientifically literate population that
understood how science, technology, and society influenced one another and could then
implement their understanding to everyday decision making in science related issues (Brinkhorst
& Eager, 1986; DeBoer, 2000). To be considered a scientifically literate person they must be
able to recognize both local and global topics essential to decision making that are informed by
technology and science (National Research Council, 1996).
In 1996, the National Science Education Standards (NSES) are guidelines for K-12
science education were published then implemented throughout the United States. However,
problems were soon found at the school district level and the polarization of schools at risk
became clear to those involved. NSES has since been replaced by the Next Generation Science
Standards (NGSS) and the newer standards have moved away from the rote memorization of
facts and information. NGSS instead promotes the understanding of foundational science
concepts including the student’s ability to inquire, investigate and finally communicate their
understanding.
NGSS focuses on learner driven inquiry, analysis, and emphasizes the use of crosscutting
themes for a more integrated approach towards improving science literacy. The NGSS
curriculum also stresses the importance of a community-based learning and allows for more
freedom in the classroom to cover material that is relevant to a local community. As of 2019,
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only 36% of the United States have adopted the Next Generation Science Standards (National
Science Teacher Association, 2019).
Relevance of research
During storm events along the California coastline, urban runoff and river discharge
increase. Pollutants wash into the coastal waters. Urban flood prevention in low lying coastal
areas is a primary concern for Ventura especially during El Niño years. Preparation for
stormwater runoff can be observed along the Ventura coastline. Excavators varying in size work
before and during winter storms to unclog urban drainage systems. Sand and rocks are excavated
and removed to allow for a stormwater outlet into the coastal waters helping to prevent the city
from experiencing flood damage. However, this process funnels untreated storm runoff into
coastal waters where close to 600,000 people visit local beaches each year (Keller et al., 2014).
Examining the suspended sediment concentration and its spatial variability may help
determine the amount of pollutants affecting the watershed. The ability to issue accurate coastal
hazard advisories is crucial to implementing a cost effective and time saving strategy that will
ensure meaningful beach closures (Ahn et al., 2005; Nezlin & DiGiacomo, 2005). Monitoring
the concentration and variability of suspended sediment transport can help determine the best
management practices for a healthier watershed that will lead to empowering policy makers,
communities, and other multi-agencies (Ahn et al., 2005; Nezlin & DiGiacomo, 2005). Ventura’s
coastal urban drainage outnumbers natural outlets (see figure 1.4). Rip currents swirl away from
the coast towards the ocean, distributing sediment laden runoff throughout Pierpont Bay. Flash
rain events and urbanized stream channels impact the magnitude and formation of coastal
sediment plumes.
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Figure 1.4

Along the coast of Ventura, the coastal urban and channelized drainage outlet
locations (Google Earth imagery, 2/2016).

Additionally, health departments may issue advisories to avoid recreational water
activities for three days following a storm event due to rain flushing out the watershed’s built up
pollutants that accumulate on impervious surfaces during periods of dry weather (Noble et al.,
2003). Unfortunately, water quality signage posted at popular surf spots are not always
considered by ocean enthusiasts who do not stay out of the water after a heavy rain event. Surfers
and lifeguards have reported contracting Hepatitis A and other infections like Staphylococcus
14

aureus and Methicillin-resistant Staphylococcus aureus (MRSA) caused by entering the water
during or after a storm (Crosby, 2016; Elder, 2016; Morris, 2016; Noble, 2003). Furthermore,
lifeguards do not have the option of avoiding storm water runoff. In addition, advanced surfers
such as Tyler Morris (2016), an L.A. County lifeguard, typically surf below a river outlet due the
sediment deposition that occurs along the ocean floor, which helps to create exceptional
formation of waves.
A coastal wetland hosts diverse habitat, provides flood control, and water filtration before
entering the ocean. The renovation of antiquated urban storm drainage system and impervious
surface cover would help protect the natural resources that thousands of locals and tourists have
come to enjoy. Research done by Lipp, Schmidt, Luther, & Rose (2001) found that the most
significant factor impacting the health of our water bodies is urban runoff during significant
winter rain events. Watersheds can be rich with natural resources but also subjected to human
activity.
Hypothesis and objective
Using an interdisciplinary approach, this research investigates the water quality of
Ventura, California’s watershed and its coastal waters as well as the community’s geoliteracy,
geocognition, and resident choices that involve the geohydrologic processes that may impact
stormwater quality. The study of geocognition examines how humans understand and perceive
Earth phenomena and our ability or inability to make environmentally conscientious decisions.
Geoliteracy is the human capacity to reason analytically the relationship between humans and
their environment and have an understanding of geographic influences.
Communities may take greater efforts towards keeping their watershed clean with higher
levels of geoliteracy. Also, lower economically depressed communities may be subjected to
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pollution despite being knowledgeable but do not have the resources to make efforts towards
cleaning the watershed.
Despite the hydrologic influence of recent El Niño conditions, Southern California
continues to experience drought conditions and a lengthening wildfire season. There is no simple
response that explains the tendency for some citizens of the United States to be resistant to
proposed environmental policy that would regulate polluters in their own environment.
Additionally, an individual's stance on their environment may have more to do with a
cultural predisposition rather than an education level or exposure to their natural environment.
Socio-cultural values determine resident choices and behavior (Kahan, Jenkins-Smith, Braman,
2011). In this research, a singular approach is not useful for the improvement of community
geoliteracy but instead a plethora of approaches should be utilized due to the varying sociopolitical nature of potential learners. The objective of this study is to gain an understanding of a
community’s geoliteracy and their behaviors and choices regarding their use of recreational
water and its quality.
Research questions and sub-questions
This research’s overarching inquiry investigates factors that influence stormwater quality
throughout the Ventura River Watershed. This research also probes the socio-ecological
relationship between local resident behavior and stormwater quality for recreationally used water
resources.
•

Sub-question 1 (SQ1) Does awareness of watershed health affect a community’s involvement
and effort toward the improvement of overall watershed health?

•

Sub-question 2 (SQ2) Does community geoliteracy influence resident choices?
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•

Sub-question 3 (SQ3) Is there a correlation between community geoliteracy and the quality
of their environment?
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CHAPTER II
BACKGROUND
Ventura hydrogeology
Human modified fluvial systems are suspected of transferring contaminants along with
suspended sediment loads into the Pacific Ocean (Lipp et al., 2001). In Southern California, due
to the seasonality of the winter rains, the intermittent river discharge is significantly less than in
the wetter months. The coastal longshore transportation and deposition of sand causes the
formation of sand berms that prevent estuary water from discharging into the Pacific Ocean
during the dry months (United States Environmental Protection Agency, 2012). This episodic
rainfall and its resulting streamflow produce a river discharge that dislodge sediment that has
accumulated at the river mouth throughout the dry season (U.S. EPA, 2012). A substantial storm
event can cause stagnant estuary water containing pollutants and pathogens to transfer into the
coastal waters, resulting in poor water quality and sudden contamination to areas that are heavily
used for recreational purposes (Ahn, Grant, Surbeck, DiGiacomo, Nezlin, & Jiang, 2005; Lipp et
al., 2001; Nezlin & DiGiacomo, 2005; U.S. EPA, 2012). Additionally, poor coastal water quality
caused by seasonal storm runoff can severely impact human health (Ahn et al., 2005; Haile,
Witte, Gold, Cressey, McGee, Millikan, Wang, 1999; Lipp et al., 2001; Nezlin & DiGiacomo,
2005). Ventura, California’s Mediterranean fluvial system and its adjacent urban hydroscape are
suspected of transporting suspended sediment loads including the transfer of contaminants to the
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coastal waters where an estimated 600,000 people visit the local beaches (Ahn et al., 2005;
Keller et al., 2014; Lipp et al., 2001).
Atmospheric influence
According to the Köppen climate classification, Ventura experiences a Mediterranean
climate (Csb) undergoing mild wet winters and cool dry summers. The Mediterranean climate of
Ventura is resultant of its 34.2805° N latitude, maritime location, and the California longshore
current combining to produce a semi-arid microclimate. Ventura’s Mediterranean coastal
weather is impacted by the southward moving California ocean current that cools the air above
creating atmospheric stability. During the early summer months, typically in May and June, the
coastline can experience fog banks that sock in the area for weeks at a time making navigation
and remotely sensing surface reflectance challenging. Local temperatures range from 15 - 25° C
during summer and 10 - 23° C throughout the winter. Inland locations are mountainous reflecting
a seasonal temperature variation sometimes dipping below freezing and reaching its hottest
temperatures in August when summer months can reach temperatures above 35°C.
The El Niño Southern Oscillation (ENSO) influences the precipitation totals in Ventura,
California. From a macro-scale perspective, the Pacific Ocean is dominated by strong trade
winds producing equatorial ocean currents and upwelling off the west coast in the eastern Pacific
Ocean (Hidore, Oliver, M. Snow, & R. Snow, 2010). During ‘average’ years, a high pressure
regime over the eastern Pacific trigger surface winds and warm equatorial waters to flow
westward resulting in a pileup of warmer water in the western Pacific Ocean, which promotes the
lowering of atmospheric pressure (Hidore et al., 2010).
However, during abnormal but cyclical climate patterns referred to as the El Niño
Southern Oscillation (ENSO) phenomenon, trade winds weaken effectively shutting down the
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equatorial ocean surface current. El Niño conditions help to create a warm ocean countercurrent
that develops in the tropical Pacific Ocean. Particularly the northern hemisphere winter months
see a considerable increase in potential precipitation caused by extreme weather events (Shang et
al., 2011; Zhang et al., 2010). In the western Pacific, atmospheric surface pressures lower,
increasing the likelihood of heavy rainfall (Shang et al., 2011; Zhang et al., 2010). During
particularly strong El Niño events, the higher than normal precipitation can stimulate mudslides
and increased river discharge leading to the release of sediment-laden water into the ocean.
During the La Niña phenomenon, normal atmospheric circulation strengthens over the
southern Pacific Ocean generating stronger trade winds and cooler ocean temperatures (Hidore et
al., 2010). Furthermore, ocean temperatures offshore western South America are colder, and the
equatorial western Pacific Ocean produce warmer than average temperatures (Hidore et al.,
2010).
ENSO is a large-scale climate variability experienced around the globe. Specifically, the
southwestern United States can receive abnormal winter precipitation as low pressure systems
strengthen along the eastern margin. While areas along the western margin of the Pacific Ocean,
such as Australia receive lower precipitation totals experiencing drought like conditions
dominated by high pressure systems (Hidore et al., 2010).
Geologic influence
The Ventura River Watershed is a dendritic alluvial system and is located on the western
edge of the Transverse Mountain Ranges which began their formation at the beginning of the
Cenozoic Era around 65 million years ago (Atwater, 1998). This piece of crust continuously
undergoes tectonic influence as the San Andreas fault continues to migrate toward the northwest.
The topography of this watershed includes mountainous and steep terrain with weak sedimentary
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slopes in the upper river reaches that are prone to mass movements during El Niño storm systems
while the lower river reaches of the watershed have a gentler incline. Part of the Los Padres
National Forest, the highest elevation 1,826 m (6,025 ft.) of the Ventura River Watershed is
positioned in the Santa Ynez mountains where the Matilija headwaters are located (U.S. EPA,
2012).
The Ventura River Valley is comprised of marine terraces with intermittent streams
throughout the valley (Dickinson & Leventhal, 1931). The Ventura River Watershed began its
geologic history with the deposition of marine sediments accumulating to around 16,765 m
(55,000 ft) throughout the Cenozoic Era into what is commonly referred to as the Ventura Basin
(Triem, 1995). As the Pleistocene sedimentary layers accrued in the Ventura Basin, oil deposits
formed from the decomposition of the foraminifera within the permeable layers of the sandstone.
Around 500,000 years ago, deformation and uplift of these rock layers activated by lithospheric
stress and pressure led to the formation of the Transverse Mountain Ranges (Atwater, 1998).
During this geologic time frame, the seafloor experienced exposure, weathering and erosion for
thousands of years forming the river valley we see today.
The river valley floor consists of alluvial soil that helps to create a rich surface layer for
the success of the current agricultural industry. The parent material for suspended sediment in
the river predominantly consist of mudstone, sandstone, and shale (Dickinson & Leventhal,
1931). Specifically, the exposed upper Pico formation is comprised of conglomerate and
sandstone units with interbedded silty shale (Dickinson & Leventhal, 1931). The surrounding
mountains shown in Figure 2.1 can be seen covered in snow which is an important freshwater
source replenishes the Lake Casitas reservoir for the Ventura River Valley community’s drinking
water.
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Figure 2.1

Ventura Avenue anticline and crude oil rigs backdropped by the White Mountains
in the Los Padres National Forest. (Photograph by researcher, 2017).

Ventura is a coastal community historically known for its ability to produce crude oil and
natural gas (see figure 2.1). After millions of years of an accumulation of marine strata, what is
now Ventura County, experienced major crustal stress and compression forming the locally
famous anticline that continues offshore and hosts a substantial amount of petroleum resources
(Atwater, 1998; Triem, 1985). Petroleum extraction efforts began in 1861 and the discovery of
the Ventura Avenue oil field in 1916 led Ventura County to become one of the leading producers
of petroleum for California (Triem, 1985). The first oil well in the state of California was drilled
in 1865 by the Union Oil Company in Ventura County (Triem, 1985). Later, a Ventura hillside
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brush fire led to the discovery of the Ventura Avenue petroleum deposit. Escaping subsurface
gases from the deposit were determined to be the cause of that brush fire (Triem, 1995). As a
result of World War I and the large scale production of Henry Ford’s Model T automobile, the
demand for oil increased and Ventura began attracting petroleum workers, geologists, and
engineers (Triem, 1995). By the 1920s, the Ventura Avenue oil field began producing a larger
quantity of crude oil. Shell Oil Company had 185 active oil wells during this time period and oil
derricks were a common sight throughout the river valley. Additionally, petroleum engineers
began using sophisticated equipment that allowed for deeper drilling and the ability to withstand
higher subsurface pressure regimes. In 1925, an oil well on the Ventura Avenue began
producing around 4,000-5,000 barrels per day helping create a prosperous time for Ventura
(Triem, 1995). Around this earlier time, the majority of the population existed along the Ventura
Avenue adjacent to the river valley. Offshore oil fields are now the concentration of petroleum
extractors (Triem, 1985).
On May 19, 2015, Plains All American Pipeline oil spill occurred just north of the
Ventura River Watershed study site. The spill, located along the mostly undeveloped Gaviota
coastline and caused by an antiquated pipe coming from the offshore oil rigs, sent over 140,000
gallons of crude oil into coastal waters (Refugio Response Joint Information, 2017). Soon after
tar balls covered nearby coastal beaches (see figure 2.2) and dead marine animals covered in the
crude oil (see figure 2.3) were found washed ashore. Today, continuous monitoring the Refugio
oil spill impacts are being investigated by nonprofit organizations such as Santa Barbara
Channelkeeper. Additionally, ongoing offshore platform drilling activity continues throughout
the Santa Barbara Channel despite community resistance (see figure 2.4).
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Figure 2.2

Plains All American pipeline ruptured causing crude oil to spill into the Santa
Barbara Channel. Tar balls were found on the beaches south of the oil spill
(Photograph by researcher, May 2015).
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Figure 2.3

Plains All American pipeline ruptured causing crude oil to spill into the Santa
Barbara Channel. Shortly afterward oil covered marine life such as the common
dolphin pictured in this image, could be found along the beaches south of the oil
spill (Photograph by researcher, May 2015).
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Figure 2.4

A line of offshore oil rigs in the Santa Barbara Channel. Behind the petroleum
platforms and occluding the Ventura County coastline is a coastal fogbank
(Photograph by researcher, 2019).

Political ecology approach to water resources
Political ecologists examine the (mis)management and control over natural resources
located within a community. James McCarthy (2002) used the Wise Use movement as a case
study to demonstrate that resident populations may lose power over their property due to the
demanding ambitions of conservation that are enforced by government organizations.
Historically, issues arise concerning who knows best. For example, local farmers have expert
knowledge regarding the geosciences despite a lack in formal higher education. Their livelihood
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depends on their Earth Science expertise. However, the landowner’s local expertise often comes
in conflict against government agencies and their conservation efforts. Government
organizations rely on voluntary agreements with a local community (McCarthy, 2002). Some
have argued that the preservation throughout federally owned land conceals efforts toward
increased control and management (McCarthy, 2002; Robbins, 2012). According to a 19th
century smallholder ideal, the true landowners were those that employed the process of primary
production: the farmers (McCarthy, 2002).
Urban political ecology
Urban development and coincident energy demands demonstrate that as population
increases, environmental change of existing land cover will occur (Robbins, 2012). Urban
Political ecology (UPE) examines the impacts urban infrastructure can have on its ecological
environment. UPE is considered to be one way to assemble a community, use their aspirations
for environmental change, and collectively contribute to the decision-making process (Holifield
& Schuelke, 2015). Hawkins et al. (2015) encouraged that discussions and decision-making
should employ the “full range of publics and experts.”
Human modification of the Ventura hydroscape began in the early 1800s when the
establishment of the San Buenaventura Mission aqueduct became a major achievement of its
time and was accomplished through the use of local cobblestones, adobe bricks and the
workforce of Chumash Indians (Triem, 1995). The aqueduct began at the Ventura River and San
Antonio Creek confluence (Triem, 1995). The natural drainage patterns of the Ventura River
Watershed have since been transformed to allow for the diversion of freshwater for agricultural
purposes, development of a municipal water system, and eventually for industrial use (Triem,
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1995). Historically, unsound environmental practices have led to the alteration of a once pristine
habitat throughout the area (Daily, 2012).
Adjacent to the Ventura River is a highly modified downtown area classified as a sub
sewershed. A sewershed can be defined as a catchment of storm drain infrastructure channeling
surface runoff and emptying into a common outlet or basin. The stormwater drainage outlets and
the impervious channelization lead away from the city’s infrastructure to primarily help prevent
flooding. In Ventura, the untreated stormwater runoff is funneled to the ocean through urbanized
stream channels during flash flood rain events to prevent any urban flooding. Particularly,
Ventura’s coastal and river mouth adjacent infrastructure development has led to a hydroscape
that is covered by impervious surface which has led to a decrease in floodplains and wetlands.
The burial of natural stream channels and the removal of area once covered in wetlands has led
to the division of its ecosystem (Napieralski et al., 2015). The replacement of natural and
pervious surface may have restricted the watershed’s competence to retain nutrients and
sediments and to allow for the percolation of surface water into the groundwater system
(Napieralski et al., 2015). Ventura’s urban drainage such as the Sanjon and C-street drains are
now antiquated infrastructure that would be costly to replace with a more pervious surface
(Noble et al., 2003).
Ventura’s downtown area is adjacent to the lower reaches of the Ventura River.
Alteration of existing and natural drainage into impervious stream channelization carrying
stormwater away from infrastructure is the norm. The natural Sanjon barranca has been
developed and buried under impervious surface cover to become an urban channelized drainage
system. The burial of what was once a gulley with a natural intermittent stream has led to issues
associated with storm induced flooding of the intersection and the flow of urban in origin
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stormwater runoff into coastal waters. There exists an urban estuary now at the bottom of the
Sanjon Street containing urban runoff from impervious surfaces. Ventura’s urban development
has led to a highly modified hydroscape covered by impervious surface. One consequence of
stream burial generates an intensification and increase in flood occurrence for any downstream
water conduits (Napieralski & Carvalhaes, 2016).
Furthermore, the burial of streams and the conversion of stream channels has led to the
division of an area’s ecosystem (Napieralski & Carvalhaes, 2016). The replacement of natural
and permeable surface has been shown to restrict a watershed’s competency for retaining
nutrients and sediments (Napieralski & Carvalhaes, 2016). Urban stream deserts are a result of
excess stream burial which inhibit percolation of surface water into the groundwater system
(Napieralski & Carvalhaes, 2016). The Sanjon and C-street drains are antiquated, costly to
replace, and ultimately harmful to the health and quality of coastal waters (Noble et al., 2003).
Environmental conflict and resource management
The California Coastal Commission (CCC) established in 1972 is the state agency in
charge of managing coastal land use and community access to California’s coastal zone (Triem,
1995). Under the watch of the CCC, the development and burial of California’s coastal wetlands
seems contradictory to the preservation of coastal resources.
Mansfield et al. (2015) challenged that political conflict is not always the perception that
any sort of environmental management is forever destructive. Instead, the conflict lies within the
definition and decision-making process of the human dimension and nature (Mansfield et al.,
2015). Ultimately, what should natural resources do for humans? (Mansfield et al., 2015). The
idea that not one concept of social nature is inherently superior to another. Mansfield et al.
(2015) contested that only discerning the socio-ecological dynamic falls short. Therefore, a
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closer examination of environmental justice will lead to changing the current social nature
relationship. Landholders in developed nations face the regulation of government organizations.
Emphasis on how humans alter the local ecology in terms of “destruction and construction” of
the “environmental systems or landscapes” defines environmental degradation as “loss of natural
productivity, loss of biodiversity, loss of usefulness creating risk ecology” (Robbins, 2012, p.
105-107).
Socio-political network
Mansfield, Biermann, McSweeney, Law, Gallemore, Horner, & Munroe (2015) argued
that the environment is '“fundamentally socioecological” in nature, insisting that we visualize the
human-nature relationship whether there is a natural environment or not. Conflict over an
environment shed light on the dissimilar ideas regarding what socio-political ecology should be
(Mansfield et al., 2015; Robbins, 2012). The forthcoming human-nature relationship is designed
through conflict involving what should be done and who will do it in order to produce a
connection that will benefit both human and nonhuman (Mansfield et al., 2015; Robbins, 2012).
Even with the lack of power, an environment should be considered natural and protection and
preservation should be of utmost concern for the actors and objects involved (Mansfield et al.,
2015).
Actors and objects
There are an estimated 500 Ventura River bottom residents that utilize the river bottom as
a both a temporary and permanent home. Lower portions of the Ventura River are filled with
riparian vegetation helping to create a shield for the homeless encampments (see figure 2.5) that
are commonly referred to as hobo jungle by the Ventura community. The occupancy of public
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space by the Ventura River bottom residents and their encampments are perceived as a nuisance
by the authorities and face the constant threat of displacement. An evaluation of stormwater
runoff from the adjacent downtown area and its sewershed might influence any beliefs that
Ventura River bottom residents significantly affect the degradation of coastal and river water
quality. There is very little in terms of visible signs of Ventura River bottom residents’
occupancy from afar. They typically remain well hidden from scrutiny of any casual observer
walking along the adjacent Ventura River trail. However, upon closer examination, hidden
garbage piles create a continuous challenge for California State Parks who own part of the river
bottom land. Efforts towards the revitalization of the Ventura River ecosystem have led to the
collection of “16.7 lbs. of marijuana, 3 grams of heroin, 3.5 grams of methamphetamine, dozens
of drug needles, and an estimated 3,560 lbs. of trash and waste” (California State Parks,
2019). Some water enthusiasts in the community view the encampments as hazardous to the
overall health of the watershed. Ventura water enthusiasts are aware of impact the homeless
encampments have on the coastal water quality and their connection between feces in stormwater
runoff and the likelihood for a waterborne illness if near the rivermouth.
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Figure 2.5

This makeshift temporary camp is one of many that demonstrate the impact of the
Ventura River residents. It was found tucked behind invasive reeds near the
Ventura River estuary (Photograph by researcher, 2018).

Individuals who choose to live outside usually do not consider themselves homeless
(Rose, 2014). Homelessness has been defined as having no access to private space (Rose, 2014).
The Ventura River bottom residents have reputations of hostility towards interlopers and this
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attitude may reflect the perspective that any homeowner or landholder holder would think, that
you are entering their home or trespassing on their property. There was a time in Ventura’s local
history when people who spent summers on the Ventura River islands were simply “campers”
(Beller et al., 2011). The occupancy of the “commons” by Ventura River bottom residents may
be considered a result of social, political, and economic forces of capitalism (Rose, 2014).
Examining the human-nature relationship in terms of socio-political ecology may shed light on a
subject that still requires much inquiry.
During major flood events such as the January 10, 1995 flood, transient river bottom
residents are forced to relocate due to their encampments washing away from an increase in river
discharge. Some will move further up the river whenever authorities make threats of arrest to
those who remain after evacuation orders are issued. To this day, those that continue to make the
river bottom their home will avoid the patrolled area during the day and return undetected at
night.
Science education in the United States
The shortage of a well-defined community driven educational framework may be
increasing the chance that poor decision making will lead to a human population with
unsustainable behaviors of consumption (National Science Foundation, 2009). The California
Department of Education follows federal guidelines set up for science, technology, engineering,
and math (STEM) education in hopes of becoming a front-runner in curriculum development and
implementation. High stakes testing associated with No Child Left Behind (NCLB) was
implemented in 2002 and continued until 2015. The National Research Council (2015) has led
efforts in science education and have moved away from the previous testing focused on the rote
memorization associated with No Child Left Behind education standards. In-service Ventura
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Unified School district K-12 teachers reported feeling anxious about coverage of all the tested
material at the end of a school year and having to “teach to the test” took away their ability to
create locally relevant lesson plans (J. Fulmer, personal communication, March 1, 2016; E.
Elder, personal communication, March 1, 2016).
Formal science education
Formal education for the typical American only takes up a fraction of their entire life
(Falk, Storksdieck, & Dierking, 2007). Museums and work-related opportunities comprised a
quarter of the participants’ science and technology sources (Falk et al., 2007). Science
comprehension that takes place in social settings or within the construct of family or friends was
found to be an important setting for science literacy (Falk et al., 2007). Falk et al. (2007) argued
that the contribution of formal science education supporting long term public understanding of
science was limited, especially since the average American does not attend post-secondary
school. Additionally, local school systems should be able to conceptualize the science-society
interface broadly enough for the school to factor in their own needs in learning.
Falk et al. (2007) found that California residents’ self-reported science knowledge
originated mostly from free-choice science learning that involved leisure activities, museum
visits, and casual conversations. Residents were motivated by their own personal interest and
curiosity of a subject. Falk et al. (2007) concluded that future efforts to recognize public literacy
required an approach that took into account a community’s individual differences and unique
personalities in context of the specific nature of knowledge. Formal education plays a role in
overall science literacy, however free-choice learning opportunities are even more imperative to
generate a community who become lifelong learners (Falk, 2005; Falk et al., 2007).
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Informal science education
Research conducted by behavioral scientist Dan Kahan (2015) found that a community’s
cognitive awareness of their situational factors and their social vulnerabilities may lead to an
increased understanding of scientific data and a change in one’s priorities (Lave, 2015). Kahan
(2006, 2013, 2015) further contended that one’s cultural cognition can explain why individuals
who are scientifically literate will use their predisposition to search out evidence that will support
their cultural inclination (Gastil et al., 2011; Kahan et al., 2016).
A community that is actively involved in the quality of their environment is an essential
component for any environmental improvement project. Constructing a critical mass of
engagement will give humans and nonhumans a habitable Earth (Buck, 2015). According to
Margaret Douglas’s cultural theory (1982), humans are more likely to make choices based on
their cultural values rather than on their intellectual prowess. Dan Kahan elaborated on Douglas's
cultural theory and explained further that the mechanism for which humans make choices
involve cultural cognition. Kahan argued that an individual's stance on their local environment
has more to do with their cultural predisposition rather than their education. One’s socio-cultural
values might determine the alignment in a person’s environmental practices even if they are
knowledgeable.
Furthermore, the Wildavsky Heuristic model (Douglas & Wildavsky, 1983; Wildavsky,
1987; Kahan, 2013) stated that there is a deeper mechanism that explained political opinion
regarding science concepts that involve an individual's cultural background. Kahan argued that
cultural cognition can explain why individuals who are scientifically literate will use their
disposition to search out evidence that will support their cultural predisposition (2013, 2015).
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Geoliteracy
The concept of improving one’s Earth science comprehension is a relatively novel idea
but is crucial for a society’s decision-making regarding the use or misuse of Earth’s resources.
Additionally, an understanding of how human modification of Earth’s landcover is connected
with the recent anthropogenic influences in Earth’s hydrologic cycle. Geoliteracy is the ability to
understand Earth systems and interconnections between those systems to make far-reaching
decisions, and the implications of those decisions on the future of our Earth (Edelson, 2011).
Geoliteracy focuses on the connections between human and environmental systems. A geoliterate society means that the average citizen is able to construct a perspective that comprehends
their needs and interests with those of others and may be more inclined to support policy and
legislation that places value and equal rights to Earth. Geoliteracy also implies that an individual
understands that sustainability of natural resources improves the quality of human life (Clary,
2014). The ability to make connections between places no matter the proximity is a reflection of
a geoliterate human. A geoliterate society will be able to act locally while thinking globally.
The scientific community, in an attempt to combat the impoverished state of Earth
science literacy developed the Earth Science Literacy Initiative (ESLI). In 2009, the National
Science Foundation (NSF) shared Earth science framework that highlighted important concepts
to emphasize all-encompassing concepts and applications of Earth science literacy. ESLI
established nine big ideas to foster the growth of environmental literacy for the entire nation. In
the U.S., the focus is on the improvement of the society’s geoliteracy leading to an improved
understanding of those nine big ideas and their underlying principles. The principles of
geoliteracy can be applied across a wide variety of research fields and disciplines and thus
requires a multidisciplinary approach. ESLI can be described as a set of fundamental concepts
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that literate Americans should understand due to current challenges of managing natural
resources and a changing Earth climate. The initiative hopes to become influential throughout
scientific, educational, and political settings (ESLI, 2010). Specifically, the ESLI framework can
be utilized to guide any upcoming government legislation concerning Earth science and also
future federal, state, or district geoscience curriculum. Critical decisions are made in the political
realm and those decisions significantly influence the lives of U.S. citizens. And educational
efforts can help to support decision making that implements best management practices that will
promote a harmonious outlook for both human life and Earth’s water quality.
Community geocognition
Geocognition refers to the study of how humans perceive, understand, and make
decisions about the Earth and Earth phenomena (Libarkin, 2013). Recent efforts to mitigate
California’s current drought conditions and poor water quality have taken place through a local
water education movement by a city government entity called Ventura Water. Local
environmentally geared workshops have made attempts to transform existing urbanscape into
climate appropriate landscape. Both business and homeowners are targeted regarding behaviors
geared towards their landscape habits. Participatory planning approaches and a relational
perspective may enable the incorporation of urban, suburban and rural communities. Connecting
the urban world and bringing it into the realm of nature can enrich the lived social experience as
well as a community’s ecological integrity (Rose, 2014).
Water quality analysis of turbid coastal waters
Suspended particulate matter (SPM) can help monitor the water quality of Case 2 waters
that are under investigation through the use of multispectral ocean color satellite sensors. Using
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NASA’s MODIS-Aqua satellite data can aid in the visualization of the development of sediment
plumes offshore coinciding with significant storm events. By combining field and satellite data,
the spatial and temporal extent of the sediment plumes triggered by heavy precipitation can be
thoroughly examined. The remote sensing data can be combined with in situ water quality
measurements to show spectral characteristics of the sediment plume and the quantity of the
sediment being discharged from stormwater outlets.
Optically active constituents
Characteristics of radiant energy are a function of the concentration of pure water,
inorganic suspended minerals, chlorophyll a, dissolved organic material, and the total amount of
absorption and scattering attenuation that transpires due to each of these optically active
constituents. Coastal waters, often referred to as Case 2 water bodies, are typically located near
shore and contain far more suspended particulate material than is found in the open ocean.
Characteristics of Case 2 water bodies are impacted by the magnitude of suspended particulate
matter (SPM) and the source material (Lahet & Stramski, 2010; Nezlin et al. 2008; Petus et al.,
2014). Water quality research can be complicated due to the combination of optically active
constituents that may or may not be present in a water body. Using remote sensing can become
problematic. One primary concern of remote sensors is the subsurface volumetric radiance, the
down welling solar radiance, and any radiation that infiltrates the boundary between the
atmosphere and water. Also, any radiance that is able to exit the water column and head towards
a satellite sensor not having encountered the floor of the water body can be a concern.
With the presence of organic or inorganic constituents in surface waters, suspended
particulate matter can cause shifts in the surface reflection toward the NIR wavelength region
and an increase in subsurface scattering causing a rise in the amount of NIR radiant flux leaving
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the surface waters (Jenson, 2007). Specifically, the reflectance spectra of the surface water will
have its reflectance peak shift toward the longer wavelengths in the visible region as the SPM
concentration increases (Jenson, 2007; Lohdi et al., 1997). The visible wavelength range between
580 – 690 nm can assist in offering evidence of the nature of the soil type that exists as
suspended sediment surface waters (Jenson, 2007). Lohdi et al. (1997) found a relationship
between the volume reflectance at all wavelengths. When related to surface water carrying
suspended clay, the study found that surface water with predominantly silty soil had an
additional 10 percent volume reflectance in SPM concentrations (Lohdi et al., 1997).
Remote sensing potential
NASA’s launch of the Earth Observing Satellite (EOS) on May 4, 2002 carried the
Moderate Resolution Imaging Spectroradiometer (MODIS) Aqua sensor to a sun-synchronous
orbit of 705 km. The Aqua sensor views the Earth every 1-2 days with a spatial resolution of 250
m x 250 m for bands 1 and 2, 500 m x 500 m for bands 3-7, and 1 km x 1 km for bands 8-36.
NASA designed software that is compatible with Ocean Color Satellites for satellite data
analysis. The most recent version of NASA’s SeaDAS 7.5.3 can be used to determine the
reflectance values of surface water and any other relevant water quality constituents that are
optically active.
The mapping of suspended particulate matter (SPM) can help monitor the water quality
of Case 2 waters that are under investigation through the use of multispectral ocean color
satellite sensors. Using NASA’s MODIS-Aqua satellite data can aide in the visualization of the
development of sediment plumes offshore coinciding with significant storm events. By
combining field and satellite data, the spatial and temporal extent of the sediment plumes
triggered by heavy precipitation can be thoroughly examined. The remote sensing data can be
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combined with in situ water quality measurements to show spectral characteristics of the
sediment plume and the quantity of the sediment being discharged from outlets.
Reflectance spectra of coastal water
The spectral signature of coastal waters can be influenced by the presence of
phytoplankton, with a significant spectral response in the blue wavelength region and a lower
spectral response in the red wavelength region. The presence of organic components in the water
can lower reflectance of in a spectral response curve. Reflectance peaks shift toward longer
wavelengths as more suspended sediment is added to the water body (Jenson, 2007; Lohdi et al.,
1997).
Coastal water impacted by the presence of higher organic particulate matter
concentrations such as colored dissolved organic matter (CDOM) are representative of Spring
when algal blooms typically occur. CDOM has higher absorption in the shorter wavelengths and
its lowest absorption toward the red wavelength region. These waters typically display two
strong reflectance peaks near 600 nm and 700 nm regions (Jenson, 2007).
Reflectance of spectra can be discussed in terms of radiant flux of electromagnetic
energy; emission, absorption, reflectance, and transmission. The total radiance (Lt) collected by
remotely sensed data over a water body is a function of electromagnetic radiation (Jenson, 2007).
Pure water does not contain any particulate matter. Transmission of pure water occurs in the blue
wavelength region, specifically between 400 – 500 nanometers (nm). The lowest amount of
transmission of pure water (trough location in the spectral curve) is located between 460 – 480
nm (Jenson, 2007). The optical properties of a pure water molecule explain why violet to light
blue wavelengths are able to infiltrate further into the water column than any other type of light.
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Near infrared (NIR) energy (740 – 900 nm) is absorbed by water while land reflects NIR energy
(Jenson, 2007).
Spectral characteristics of suspended particulate matter
The spectral signature of coastal waters can be influenced by the presence of
phytoplankton, with a significant spectral response in the blue wavelength region and a lower
spectral response in the red wavelength region. The presence of organic components in the water,
can lower reflectance of in a spectral response curve. Reflectance peaks shift toward longer
wavelengths as more suspended sediment is added to the water body (Jenson, 2007). Algae
absorption spectra has two peaks in the blue and infrared (IR) wavelength caused by the
carotenoid and chlorophyll. Chlorophyll has two absorption windows, one in the blue region
(450 - 520 nm) and another in the red region (630 - 690 nm) while non-algal particle absorption
in a water body has a peak in the blue wavelength region (Jenson, 2007).
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CHAPTER III
METHODS
Study sites
The Ventura River Watershed drains an area of ~370 km2 (230 mi2) and has five main
tributaries beginning with its most northern tributary, Matilija Creek and trending southward;
North Fork Matilija Creek, San Antonio Creek, Coyote Creek, and Canada Larga (U.S. EPA,
2012). The Ventura River Watershed has been divided into as few as three reaches
(Avenue/Casitas, Oak View, Matilija) to as many as eight reaches depending on the research
project. The river and stream reaches have been developed based on who conducted the
investigation as well as what was being examined. In terms of sediment studies, eight reaches
were utilized for a report conducted by Griemann et al. in 2006 (see table 3.1).
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Table 3.1

The main river reaches defined by Griemann and the Sedimentation & River
Hydraulics Group report (2006).

Reach
River Mile

Reach

8

30 – 17.64

Matilija Creek

7b

17.64 – 16.58

Matilija Delta

7a

16.58 – 16.31

Matilija Reservoir

6b

16.31 – 15.0

Downstream of Matilija Dam to Canyon opening

6a

15.0 – 14.0

From Canyon opening to upstream Robles Diversion

5

14.0 – 11.1

Near Robles Diversion to Baldwin Road Bridge

4

11.1 – 7.86

Baldwin Road Bridge to San Antonio Creek Confluence

3

7.86 – 5.95

San Antonio Creek Confluence to Foster Park Bridge

2

5.89 – 0.54

Foster Park Bridge to Main St. Bridge

1

0.54 – 0.0

Estuary

No.

Ventura River watershed and coastal waters
The Ventura downtown area is a sewershed with stormwater drainage outlets and
impervious channelization that typically leads away from urban infrastructure. Untreated storm
runoff is funneled to the ocean through urbanized stream channels during winter rain events to
prevent urban flooding. Particularly, Ventura’s historic infrastructure development has led to a
hydroscape that has increased its impervious surface and decreased its wetlands and floodplains.
The replacement of natural and pervious surface may have restricted the watershed’s competence
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to retain nutrients and sediments and decreased the ability of surface water to percolate into the
groundwater system (Napieralski & Carvalhaes, 2016).
Survey implementation
Ventura residents were surveyed twice during this research investigation to address the
research sub-questions (SQ1, SQ2, SQ3) and determine the potential environmental impacts of
geoliteracy and geocognition throughout a local watershed:
•

Sub-question 1 (SQ1) Does awareness of watershed health affect a community’s involvement
and effort toward the improvement of overall watershed health?

•

Sub-question 2 (SQ2) Does community geoliteracy influence resident choices?

•

Sub-question 3 (SQ3) Is there a correlation between community geoliteracy and the quality
of their environment?
The first survey titled, Building Environmental Literacy: Educating and Empowering

Environmental Justice Communities to Identify and Report Exposure and Health Impacts
Associated with Industrial and Agricultural Operations, was available in 2015. The second
survey titled, Community Perceptions of Water Resources in Local Environments, was available
in 2019.
Each survey individually underwent review by the IRB process and then both were
approved for distribution by the Mississippi State University IRB department (see appendix A).
Both surveys were deemed “exempt” by the Mississippi State University IRB department (see
table 3.2). The first survey was approved on October 5, 2015 and was available for survey
participants from October 11 to December 31, 2015. The second survey was approved on
February 12, 2019 and was available for survey participants from April 1 to December 31, 2019
(see table 3.2).
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Table 3.2

IRB process.

IRB process

Survey 1: Building

Survey 2: Community

environmental literacy, 2015

perceptions of water resources
in local environments, 2019

Identifying
IRB-15-330

IRB-19-019

Renee M. Clary

Renee M. Clary

Review type

exempt

exempt

Approval date

10/5/2015

2/12/2019

number
Principal
Investigator

Both surveys were created using a popular platform called Qualtrics XM Software ®.
Participants were able to access both survey 1 and survey 2 via a direct weblink that navigated
the participant to the survey platform provided by Qualtrics XM Software ®. Using online social
platforms, a weblink to access the survey was first shared via social media platforms for both
surveys. Specifically, the researcher's Facebook, Twitter, and Instagram were used to distribute
both surveys’ Qualtrics® XM weblink. For both surveys, a post was made on each social media
platform asking participants to take the survey by clicking on the direct weblink in the social
media post. Recruitment for both surveys also occurred by sending a direct email using the
researcher’s Google mail address book.
The second survey also incorporated an existing dataset that resulted from the surveys’
use as a learning tool in a high school Earth Science classroom that was studying ocean water
quality and landcover change. Before the researcher began the science lessons, the high school
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students took the survey using the Qualtrics platform. A weblink to the survey was distributed
using the students’ school district email addresses. The results of the second survey incorporated
the survey results from the Earth Science students from a local high school and the participants
that accessed the survey weblink via the social media platforms.
Construction of survey 1 building environmental literacy
Titled, Building Environmental Literacy: Educating and Empowering Environmental
Justice Communities to Identify and Report Exposure and Health Impacts Associated with
Industrial and Agricultural Operations, this first survey (see appendix B for full survey report)
contained questions that addressed the participant's basic knowledge regarding their local
environment as well as community perceptions of water resources in local environments,
environmentally based questions involving participant's personal feelings of responsibility and
concern towards their environment, thoughts about the overall quality of their local environment,
and basic demographics (see figure 3.1).
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Figure 3.1

Online community survey categorical question types (2015). Chart represents
percentage of questions in each category.

Table 3.3

Comparison between survey 1 and 2 categories and example questions from each
community survey.
Survey 2: Community perceptions
Survey 1: Building

Category

of water resources in local
environmental literacy, 2015
environments, 2019
What type(s) of hazards that may
What type(s) of water bodies

lead to recreational water pollution

are in your community?

have you experienced while living

Geoliteracy
in your community?
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Table 3.3 (continued)
Leave any additional

Geocognition

comments regarding your

After a rainstorm, how many hours

interest, sensitivity, and

do you typically wait before

responsibility to both your

entering a water body?

local and global environment.
What role do wetlands play to help
Hydrogeology

n/a

reduce the impact of excessive
stormwater runoff?

How much responsibility do
you feel towards taking care of

How much responsibility do you

the overall environmental

feel towards fixing the water

quality and health of your

pollution in your community?

Social
responsibility
community?
How would you rate the
Environmental

How would you rate the overall
overall quality of the water

and Water

quality of the recreational water in
bodies throughout your

quality

your community?
community?
What is your age, education,

What is your age, education,

ethnicity?

ethnicity?

Sociopolitical
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Table 3.3 (continued)
Community perceptions of water
Survey 1Building
Category

resources in local environments,
environmental literacy, 2015
2019
Has recreating in your local water
Are you exposed to pollution

body impacted by stormwater

while you are at home?

runoff ever gotten you sick with a

Health wellbeing
waterborne illness?
How much time do you spend using
Recreational
n/a

your local water bodies

water activity
recreationally and/or for work?
Geography

What is your zip code?

What is your zip code?

Construction of survey 2 community perceptions of water resources
The second survey titled, Community Perceptions of Water Resources in Local
Environments, was geared towards increasing the understanding of water resources by ocean
enthusiasts and community members (see appendix C for full survey report). The preliminary
results of this first survey forced the researcher to design a second survey that would increase the
diversity in the survey participants. Additionally, the researcher wanted to gain a more in depth
understanding of the connection specifically between the survey participants and their
recreational water use.
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This second survey’s implementation was designed to remove ethnic bias that was
observed in the first survey, specifically over-representation of white participants. Because of the
non-representative nature of the first survey, its results were not used in this research. To collect
a better representation of the diverse community, the researcher purposefully connected with
people of color in the Ventura community and a Facebook discussion group called Earth Science
women’s network. Survey 2 did not have the exact same questions as survey 1 (see appendices B
and C). For survey 2, participants were asked more specific questions about their relationship to
recreational water rather than just the quality of their general environment and to specifically
self-report water recreational activity and frequency. Survey questions were also asked to selfreport their health and wellbeing after recreationally using water impacted by stormwater runoff.
Survey 2 contained a total 31 questions that were either multiple choice, or Likert scale with one
short answer.
The survey questions were designed to address the participants’ geocognition,
geoliteracy, health and wellness, and demographics. Participants were also asked questions that
addressed their knowledge of local hazards and human activities that could potentially affect
their local recreational water quality. Participants were asked questions that probed their
understanding, perception, and decision-making regarding water resources impacted by
stormwater runoff (see figure 3.2). Multiple questions belonged to two categories but most of the
31 questions focused on geocognition (n = 8) and geoliteracy (n = 9). This second survey
collected in expanded the previous survey and looked for activity and decision making that
involved recreating in coastal water. Specifically, it probed for a connection between selfreporting of waterborne illness, geoliteracy, and geocognition (see figure 3.2).
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Survey questions asked if the participant had knowledge of the impact of stormwater on
water quality would their geoliteracy of stormwater infrastructure cause them to wait longer
before getting in the impacted water. This survey also considered the NGSS Earth Science
crosscutting framework (NGSS Lead States, 2013) and Earth Science Literacy Principles
(National Science Foundation, 2009) to help design questions that would lead to an
understanding of stormwater geoliteracy and recreational use of water.

Figure 3.2

Online community survey categorical question types for the 2019 survey. Chart
represents percentage of questions in each category.
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Chi-square test for survey 2
For survey 2, associations between the categorical variables were analyzed by
quantifying the number of participant responses that fell into each combination of categories
(i.e., the frequencies). A comparison between the observed data that was collected for this survey
research and expected values help identify significant associations between categorical variables.
Qualtrics XM Software ® was used to perform a cross tabulation, also known as contingency
table. The contingency table is commonly used to display categorical data such as public opinion
research. Using Pearson’s chi-square test reports distributions of two categorical variables
simultaneously with intersections of the categories of variables in the cells of the contingency
table. Qualtrics XM Software ® cross tabulation summarized observations by categories and
provided insight into the relationship between the variables and calculated the frequency and
percentages of each cell in the table report that was then displayed in bar graphs for
visualization. Pearson’s chi-square test was used to analyze two survey questions at a time and
helped determine if a significant relationship existed between the questions or if the two
questions were independent of each other.
Additionally, the p-value was utilized for each chi-square test performed. The alpha level
was set to 0.05 and was used to evaluate whether there was an association between the
categorical values and either accept or reject the relationship analyzed. If the p-value was less
than or equal to .05, an association between the variables is likely. If the p-value was greater than
.05, the variation is too great and the relationship between the categorical variables is determined
to be independent of each other. Furthermore, a p-value that ranged between p = .06 to .10 can be
used to describe a marginally significant relationship between the categorical variables.
Statistical results of Pearson’s chi-square test will be reported in accordance to American
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Psychological Association (APA) guidelines as such, X2 (degrees of freedom, N = sample size) =
chi-square statistic value, p = p value.
The following categorical relationships were examined through the analysis of the chisquare test. Categorical variables included frequency of water activity, self-reported health issues
associated with recreational use of stormwater, knowledge of local environmental hazards, and
how long participants would wait to use recreational water after stormwater runoff. The
participants self-reporting of waterborne illness symptoms and their recreation or work-related
use and frequency of recreational water was assessed.
Field methods
To establish the quality of the water in the Ventura watershed in Sub question 3 (SQ3), Is
there a correlation between community geoliteracy and the quality of their environment?, surface
water samples of the environment were collected during the winter, spring, and summer months
of 2015 and 2019 in the Ventura River estuary as well as off the coastline in the Santa Barbara
Channel (see appendices D – H for sample site dates, maps, and GPS coordinates). The
collection of surface water samples from the Ventura River and Pierpont Bay co-occurred with
the MODIS-Aqua satellite overpassing the collection sites. Regular observations of Ventura’s
coastal drainage stormwater outlets also occurred during significant storm events for the
researcher to observe storm drain activity (see figure 4.11).
The Ventura River and Estuary sample sites were selected for their accessibility. The
ocean sampling sites were selected with a 1.6-km minimum distance from the shoreline and also
down current from the prevailing longshore and the Ventura River mouth. The ocean water
sampling sites were selected using purposive sampling that was based on the researcher’s
previous analysis of MODIS-Aqua satellite images during nine different storm runoff events (see
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figure 4.19). The sampling design was developed using a grid like pattern that kept the sample
sites with a minimum distance of 1-km from the other sample sites for January 9, March 11, and
August 5 of 2015.
Two late Spring/early Summer ocean sampling trips (April 15, 2019 and May 8, 2019)
were provided by the non-profit local waterkeeper, Santa Barbara Channelkeeper. However, due
to the limited scope of this research project for timely and coinciding clear sky collection of
offshore surface water samples, hydrology data from the USGS portal (www.usgs.gov/water/)
helped with the documentation of Ventura River’s discharge and streamflow characteristics
associated with storm events. A historical analysis was conducted for significant river discharge
events.
Surface water sampling
In order to analyze the suspended sediment, two separate liters of water were collected
from each sample site to ensure enough water for the processing of the suspended particulate
matter (SPM) concentrations. During the sampling procedure, water samples were only collected
from the surface layer of the water body. GPS coordinates were also collected during each water
sampling (see appendices D-H for sample site maps with GPS coordinates). Secchi depth
measurements were attempted while the water sampling occurred in water bodies that were deep
and calm enough to obtain a valid Secchi depth (see appendix E). Surface water samples sites
were named based on their location type and date the surface water samples were collected.
Location type was named as follows; VRE = Ventura River estuary water, PB = Pierpont Bay
beach, SJD = Sanjon storm drain outfall, SBC = Santa Barbara Channel. Additionally, during the
sampling trips the Ventura River estuary water was collected for all three of the 2015 sampling
trips and are named as follows: A = January, B = March, C = August.
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Water sampling always occurred between 10am and 3pm and were located in the Ventura
River estuary, along the shoreline of Pierpont Bay and in the Santa Barbara Channel (see figures
3.3 – 3.8). After the surface water sample was collected, the bottle was tipped over to decant to
allow for 2.5-cm of airspace. The sampling bottle was then immediately put into a dark cooler
with ice and kept chilled until laboratory filtering could take place within 36 hours of collection.
A 24-hour time lapse between sampling and laboratory analysis was unattainable because the
laboratory was located in Mississippi State, MS and the sampling locations were in Ventura, CA.
In order to secure the water samples, the sampling bottles are packed snugly into a cooler for
transportation.
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Figure 3.3

Three surface water and one sediment sample and their locations in the Ventura
River Estuary (VRE). Sampling date: January 9, 2015 (Google Earth imagery,
May 2015). See appendix D for GPS coordinates.
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Figure 3.4

Surface water sample locations in the Ventura River estuary (VRE). Sampling
date: March 11, 2015 (Google Earth imagery, May 2015). See appendix E for GPS
coordinates.
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Figure 3.5

Surface water sample locations in the Ventura River Estuary and Santa Barbara
Channel (SBC). Sampling date: March 11, 2015 (Google Earth imagery, May
2015). See appendix E for GPS coordinates.

58

Figure 3.6

Surface water sample locations in the Ventura River estuary (VRE). Sampling
date: August 5, 2015 (Google Earth imagery, May 2015). See appendix F for GPS
coordinates.
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Figure 3.7

Surface water sample locations along the coastline of Pierpont Bay (PB). Sampling
date: August 5, 2015 (Google Earth imagery, May 2015). See appendix F for GPS
coordinates.
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Figure 3.8

Surface water sample locations in the Santa Barbara Channel (SBC), Pacific
Ocean. Sampling date: April 15, 2019 and May 8, 2019 (Google Earth imagery,
2019). See appendices G and H for GPS coordinates.
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Secchi depth measurements
A Secchi disk was built using a 15-cm bolt, two 0.5-gram barbell end screws, one 55-cm
diameter white plastic disk with alternating black quadrants, two large washers, and a 30-meter
tape reel (see figure 3.9). The disk was lowered vertically into the water for each surface water
sampling site and the distance at which the disk vanished from the observer was recorded to help
measure the water’s transparency (Aas et al., 2013). The Secchi depth can be utilized to
understand water clarity and were collected in the Santa Barbara Channel near the Ventura River
mouth.

Figure 3.9

Secchi disk built and used by the researcher for the March 11, 2015 ocean surface
water sampling trip.
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Laboratory procedures
USGS developed the Glass Fiber Filter method in 1970 that has since been used by many
researchers to quantify the concentration of both inorganic and organic suspended particulate
matter (Guy & Norman, 1970). The sediment concentration for each water sample was
calculated for a total suspended particulate matter (SPM) as well as the suspended particulate
inorganic matter (SPIM) and the suspended particulate organic matter (SPOM) using this
procedure described below (Guy & Norman, 1970).
SPM concentration measurements
Using 200 mL from each surface water sample site the SPM concentrations were
calculated with the Glass Fiber Filter method. Two sets for each sample site were created as well
as two additional controls for SPM analysis. Materials used included Whatman GF/F 55-mm
Glass Microfiber filters (pore size 0.7 µm); 55-mm VWR aluminum dish, aluminum foil, tongs,
stainless steel tweezers, heat resistant gloves, nitrile gloves, graduated cylinder, 1.2 L capacity
vacuum pump system, and deionized water.
First, Whatman GF/F 55-mm Glass Microfiber filters were combusted at 500°C for
approximately one hour in a furnace in order to achieve combustion of matter. Removal of the
filters from the oven occurred using heat resistant gloves and tongs. After combustion, the filters
were placed in ~200 mL of deionized water inside a shallow bowl to rinse the combusted
microfiber filters. The microfiber filters were then transferred into individually labeled VWR 55mm aluminum dishes, leaving the filters tilted in the dish to easily access each microfiber filter
later.

63

The filters were then placed in an oven and baked at 105°C for one hour. After baking for
one hour, the microfiber filters were removed from the oven and weighed to four decimal places.
Between each filter the balance was tared before each weighing.
The process of surface water sample filtration began with the agitation of the sample
bottle before measuring out 200 mL of each surface water sample site into a graduated cylinder.
Agitation of the sample container occurred in order to disturb the sediments that had settled at
the bottom. The water sample was then poured from the graduated cylinder and into a vacuum
pump funnel filtering 200 mL of each water sample through the vacuum pump system. While
using the vacuum pump, the system was flooded with deionized water between each microfiber
filter set to wash the system. In addition, the funnels were rinsed with deionized water between
each filtration set. After filtration, stainless steel tweezers were used to carefully remove the
microfiber filter and were placed in foil dishes. When all filtration was completed, the filters
were baked again at 105°C in an oven for one hour. After baking and cooling each microfiber
filter was weighed again giving the total SPM concentration. The two controls experienced the
same methodology as the rest of the microfiber filters except for the process of filtration.
The microfiber filters were then wrapped individually in foil and combusted at 500°C for
one hour in the furnace to volatilize the organic material. Finally, these filters were weighed
again, to determine SPIM. SPOM was calculated through the subtraction of SPIM concentration
from the total SPM concentration.
Chemical analysis
Additionally, three water samples and one sediment sample from the Ventura River
estuary collected on January 9, 2015 were sent to the Mississippi Science Chemical Laboratory
for analysis. A report was then returned to the researcher containing the results of the chemical
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element testing that occurred for the 4 samples collected on January 9, 2015. The concentrations
were compared to the allowable amounts of heavy metals and other constituents deemed harmful
to human and environmental health.
USGS hydrological discharge data
The U.S. Geological Survey (USGS) has a stream gage (see table 3.4) located on the
Ventura River that is positioned between a narrow gully with a valley floor that is ~250 m
across. The USGS records hydrology data downstream from the Casitas Dam and is located ~8.9
km from the Ventura River mouth. The USGS intermittent rainfall and streamflow data provide a
history of the river discharge that can dislodge sediment that has accumulated between the river
mouth and coastal waters during the dry season. Suspended sediment discharge (SSD) and
suspended sediment concentration mg/L (SSC) data for the USGS 11118500 Ventura R NR
Ventura stream gauge do not continue beyond 1986. Furthermore, sediment data for this stream
gauge was discontinued in 2016 due to lack of funding. However, river discharge data are
continuous and a historical analysis into its behavior associated with ENSO events was
investigated. The Ventura River discharge data were downloaded by the researcher from the
USGS National Water Information System: Web Interface.
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Table 3.4

Ventura River stream gage specifications (USGS, 2015).

Stream Gage Specifications
GPS coordinates

NAD27: Latitude 34°21'08" Longitude 119°18'27”

Location

Ventura County, California

Hydrologic unit

18070101

Drainage area

302.5 km2 (188 mi2)

Datum of gage

NGVD29: 61 m (200 ft.)

Site number

USGS 11118500 Ventura R NR Ventura

Satellite image processing
Satellite imagery and SeaDAS 7.3
National Aeronautics and Space Administration's (NASA) Ocean Color Web portal
(http://oceancolor.gsfc.nasa.gov/cms/) satellite images were downloaded to correspond with the
2015 surface water sampling dates. Additionally, a search of past significant storm events was
conducted. The coinciding Modis-Aqua satellite imagery (see table 3.5) were downloaded then
resampled using the SeaDAS 6.4 software creating a L1 Mapgen true color image. A visual
analysis was conducted to determine the presence of offshore sediment plume development that
showed storms with severe weather warnings issued by the National Weather Service.
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Table 3.5

National Aeronautics and Space Administration, Moderate Resolution Imaging
Spectroradiometer, MODIS Aqua specifications (NASA,
http://modis.gsfc.nasa.gov/about/).

Satellite

Aqua (EOS-PM1)

Agency

NASA

Launch

April 5, 2002

Scan Rate

20.3 rpm, cross track

Swath dimensions

2330 km (cross track) by 10 km (along track at nadir)

Size

1.0 x 1.6 x 1.0 m

Weight

228.7 kg

Power

162.5 W (single orbit average)

Data Rate

10.6 Mbps (peak daytime); 6.1 Mbps (orbital average)

Quantization

12-bits
705 km, 10:30 a.m. descending node (Terra) or 1:30 p.m. ascending

Orbit
node (Aqua), sun-synchronous, near-polar, circular
17.78 cm diam. off-axis, afocal (collimated), with intermediate field
Telescope
stop
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Table 3.5 (continued)
Satellite

Aqua (EOS-PM1)
250 m (bands 1-2)

Spatial Resolution

500 m (bands 3-7)
1000 m (bands 8-36)

Total Spectral Resolution

405-14385 nm

Temporal resolution

1-2 days

Band Utility

Band

Bandwidth (µm)

8

0.405 – 0.420

9

0.438 – 0.448

10

0.483 – 0.493

11

0.526 – 0.536

12

0.546 – 0.556

13

0.662 – 0.672

14

0.673 – 0.683

15

0.743 – 0.753

16

0.862 – 0.877

Ocean Color, phytoplankton,
Biogeochemistry
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CHAPTER IV
RESULTS
Survey results
The examination of the use of an online survey platform was analyzed and a preliminary
report of the participant statistics provided insight into the non-representative survey
demographics for those who accessed the survey using an online platform. Using only the social
media platforms of Facebook, Twitter, and Instagram, the participants that responded to the first
survey were comprised of 84.2% Caucasian (n = 32 out of 38) which is not representative of the
county. In the second survey, Caucasians only made up 44% (n = 62 out of 141) of the survey
participants. The online survey results of the second survey incorporated responses from a group
of Earth Science students from a local high school in Ventura, California. The researcher gave
access to the high school students by emailing a Qualtrics survey weblink to the students’ school
email addresses.
Based on Ventura’s (San Buenaventura city) most recent census data (2018) for race
alone or in combination of other races, the city’s non-Hispanic/Latinx population comprises
60.3% with the predominant race of white alone (44.9%), N = 111,120. The Hispanic and Latinx
origin are considered an ethnic group and therefore, therefore, the percentage of Hispanic should
not be combined with percentages for racial categories. Latinx refers to anyone born in or with
ancestors from Latin America while Hispanic origin refers to anyone from Spanish-speaking
countries. The U.S. Census combines both terms, Hispanic and Latinx, together. People who
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identify as Hispanic or Latinx comprise 39.7% of the city’s population (U.S. Census Bureau,
2018). The local student population reflects greater diversity than the city. According to Public
School Review (2019), the high school that survey participants attended has a larger Hispanic
population of 53%. Hispanic and Latinx participants from survey 1 combined only comprised
15.8% of participants (n = 6 out of 38). Survey 1 participants also represented a well-educated
majority: 44.7% (n = 17 out of 38) had obtained a master’s degree.
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Table 4.1

Comparison between survey participant demographic statistics for both community
surveys.

Survey

Survey 1: Building

Survey 2: Community

environmental literacy, 2015

perceptions of water resources in
local environments, 2019

Number of attempts

N = 41

N = 144

Urban 76%

Suburban 46.5%

Geography

n = 29 out of 38

n = 67 out of 144

Majority age

Ages 30-39 47%

Ages 18 and younger 49.7%

n = 18 out of 38

n = 71 out of 143

Masters 44.7%

Some high school 27.3%

n = 17 out of 38

n = 39 out of 143

Caucasian 84.2%

Caucasian 44.0%

n = 32 out of 38

n = 62 out of 141

16.7 % living within of Ventura

26.4 % living within the Ventura

watershed

watershed

n = 6 out of 36

n = 37 out of 140

Majority

Majority education

Majority ethnicity

Zip code

Survey 1 building environmental literacy
A total of forty-one participants attempted the first online survey conducted in 2015.
However, not every question was answered by all participants who attempted survey 1 (see table
4.1). Results from survey 1 contained a majority (81%) of participants who were 30-39 (47.0%)
and had also obtained a master’s degree (44.7%). Additionally, 84.2% (n = 32 out of 38) of the
survey participants were Caucasian and only 15.8% (n = 6 out of 38) categorized themselves as
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either Latinx or Hispanic (see figure 4.1). Because this population was not representative of the
local Ventura City population, these Survey 1 data were not used in further analysis.

Figure 4.1

Online community survey participant ethnicity for survey 1 (2015).

Survey 2 community perceptions of water resources in local environments
The survey titled, Community perceptions of water resources in local environments, had
144 total participants attempt the survey. The survey participant’s ethnicity (see figure 4.2)
included a majority 44% Caucasian participants (n = 62 out of 141), 19.9% Hispanic (n = 28 out
of 141), and 12.1% Latinx (n = 17 out of 141). And 7.10% (n = 10 out of 141) categorized
themselves as multi-ethnic while 5% (n = 7 out of 141) preferred not to answer.
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Figure 4.2

Comparison of survey 1 and survey 2 participant ethnicity. Red (bottom) bars are
survey 2 responses. Blue (top) bars are survey 1 responses.

The majority age for survey 2 included 49.7% (n = 71 out of 143) high school aged
participants, 18.2% were aged 18-29 (n = 26 out of 143), and 19.6% (n = 28 out of 143) of
survey participants were aged 30-39. Results also included educational background. In survey 2,
only 37.1% (n = 53 out of 143) have obtained a post-secondary school degree including an
associates, bachelor, master, or doctorate. These results are not surprising considering that high
school students’ responses were included in survey 2, and form 49.7 % of the total results (n =
71 out of 143).
The majority of the survey 2 participants reported that they regularly enjoy water
activities while 8% reported “none.” Most of the survey participants chose water activities that
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would increase their risk of a waterborne illness due to the submersive nature of the activity such
as swimming, surfing, bodysurfing, and diving. Participants also rated the overall water quality
of their recreational water either good or okay (83.9%, n = 120 out of 143).
The survey was specifically designed to probe the sub-questions of this research. Subquestion 1 probes whether awareness of watershed health will increase the involvement towards
improving the quality of the watershed health. For example, will a community feel responsibility
and work towards improving the health of their watershed if they are aware that there are water
quality issues? Sub-question 2 (SQ2) researches whether community members and their
knowledge of geoscience concepts, like water quality, influence their decision making regarding
recreational water. For example, do community members have an understanding and awareness
of the interconnections between humans and their environment and the systems that cause poor
water quality, such as urban stormwater runoff? Additionally, does their understanding and
awareness extend to the interconnections between wetlands and stormwater green infrastructure
lead to an improvement of water quality? The researcher predicted a strong association between
Q6: After a rainstorm, how many hours do you typically wait before entering a body of water and
Q24: Do you think an urbanized area can cause poor recreational water quality to address SQ2.
The categorical variables examined demonstrated no association X2 (10, N = 141) = 7.36, p =
.69129. It was expected that if the participants understood the connection between urban runoff
and water quality, they would wait longer to recreate in polluted water. However, that does not
appear to be the case based on the results of the chi-square statistics test.
Sub-question 3 (SQ3) probes if there is a connection between the quality of the
recreational water and community geoliteracy. For example, as discussed later in chapter V, the
suspended particulate matter concentrations from the ocean water samples that were collected for
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this research were typically above the World Health Organization’s standard for recreational
water (20 mg/L). Participants were specifically asked if they knew the role wetlands played to
help reduce the impact of excessive stormwater runoff. The survey question (Q26) asked
participants to mark all correct answers that applied to the question. All three of the choices were
correct. However, 4.2% (n = 6 out of 143) did not answer or choose any of the options and only
26.6% (n = 38 out of 143) answered correctly by choosing all three options. Therefore, the
survey participants did not demonstrate a good knowledge of stormwater runoff.
Some correlations between questions emerged from the analysis. For analysis 1 (see
figure 4.3), based on frequency of responses recorded for each cell in the contingency table and
resultant chi-square test statistic, the relationship between the participants’ self-reported
knowledge of stormwater green infrastructure (SGI) and their rating of the overall recreational
water quality in their community was examined. To address SQ3, this analysis considers
knowledge of SGI and participant perceptions of local recreational water quality. It was expected
that the better one understands how SGI works then the worse the water quality would be rated
since Ventura has predominantly channelized storm drains that carry runoff directly to the
coastal water from the adjacent urban area, leading to poor water quality during a rainstorm. The
survey 2 participants self-rated knowledge of stormwater green infrastructure (SGI) and their
rating of the overall recreational water quality in their community showed a significant
relationship. The categorical variables demonstrate an association, X2 (16, N = 142) = 31.95, p =
.01015. This result would indicate that geoliteracy of SGI is connected with water quality.
However, participants who reported they had “no idea what SGI is” also rated their recreational
water quality as poor water quality. Participants with average knowledge of SGI seem to have a
better understanding of urban runoff and its impact on water quality and rated their water quality
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as very poor. However, those who rated their water quality as excellent also reported they had no
knowledge of SGI’s impact on water quality. The relationship between a survey participant’s
knowledge of SGI and their rating of recreational water quality is unclear and discussed further
in chapter V.

Survey 2 Analysis 1
A (excellent)

B (good)

C (ok)

D (poor)

F (very poor)

60.0%
50.0%

40.0%
30.0%
20.0%
10.0%
0.0%
A (expert)

B (above average)

C (average)

D (below average)

F (I have no idea what
SGI is)

Knowledge of stormwater green infrastructure

Figure 4.3

Survey 2 analysis 1 for Q25: How would you rate your knowledge of stormwater
green infrastructure and Q15: How would you rate the overall quality of the
recreational water in your community? (2019). Participants with average to no
knowledge of SGI are more likely to rate their recreational water quality as poor.

To help answer SQ2, the relationship between self-reporting waterborne illness
symptoms and whether seeing a posted sign stating that the water is polluted would deter the
participant from entering the water was investigated (see figure 4.4). The categorical variables
examined in analysis 2 demonstrate a marginal association, X2 (4, N = 144) = 7.20, p = .12575.
There is a minimal relationship between ignoring signs warning of polluted water and whether or
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not the participant has become sick from polluted water with 88.2% (n = 127 out of 144) of
survey participants selecting that they would avoid the water to prevent potential waterborne
illness if there was a sign posted stating that the water is polluted. Those who avoided the water
were also less likely to have reported being sick while those who would still get in the water
were more likely to have reported becoming sick from the polluted water. A majority of 86.1%
survey participants (n = 124 out of 144) also reported they would use up to date information
regarding their local water body and its water quality. There were some participants that do not
know if polluted water has ever caused them to be sick (30.6%, n = 44 out 144), yet these
participants would more often choose to get into the water even with a warning sign.
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Survey 2 Anaylsis 2
I have gotten sick

I have NOT gotten sick

I don't know if I have gotten sick

70.0%
60.0%
50.0%

40.0%
30.0%
20.0%
10.0%
0.0%
I would avoid the water

I would get IN the water

Sometimes, I would get in the water

Signage warning of poor recreational water quality

Figure 4.4

Survey 2 analysis 2 for Q12: Has recreating in your local water body impacted by
stormwater runoff ever gotten you sick with a waterborne illness and Q11: If you
see a sign posted stating that the water is polluted, would you avoid getting in that
water? (2019). There is a marginal relationship found between those participants
who have avoided polluted water were also less likely to have been sick from
polluted water.

To address SQ2, the relationship between self-reporting waterborne illness symptoms and
the time, in hours, the participant would wait before entering water after a rainstorm was
investigated (see figure 4.5). The researcher predicted that if participants had perceived that they
had contracted a waterborne illness than they would be more likely to wait longer to recreate in
local waters after it rained. Alternatively, by waiting longer to recreate in water, participants
would be less likely to have contracted a waterborne illness. However, there does not appear to
be a significant relationship between how long a water enthusiast waits to recreate in stormwater
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impacted water and whether they think they have experienced a waterborne illness. Analysis 3
has no association between the categorical variables, X2 (10, N = 141) = 13.29, p = .20789.

Survey 2 Analysis 3
I have gotten sick

I have NOT gotten sick

I don't know if I have gotten sick

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
I can't wait

I don't wait

12-24 hours

24-48 hours

48-72 hours

72 hours and
more

After a rainstorm, time waited before recreating in water

Figure 4.5

Survey 2 analysis 3 for Q12: Has recreating in your local water body impacted by
stormwater runoff ever gotten you sick with a waterborne illness and Q6: After a
rainstorm, how many hours do you typically wait before entering a body of water?
(2019). There is no relationship found between how long one waits to recreate in
water and whether the participant has reported becoming sick from recreational
water use.

To address SQ1, the relationship between the responsibility a participant feels towards
taking care of their local water bodies and their perception of the effect of urbanization on poor
recreational water quality was investigated (see figure 4.6). Analysis 4 shows an association
between the categorical variables, X2 (8, N = 144) = 17.43, p = .02595. A relationship between
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the responsibility one feels towards caring for their local water bodies may be dependent on
one’s knowledge of urban runoff and its impact on water quality. It was expected that the more
one felt responsible for taking care of their local water resources then the more one understood
how urban runoff can impact the water quality. Based on the results of the contingency table and
resultant chi-square test statistic, a connection exists between the amount one feels responsible
and the understanding that urban runoff leads to poor water quality. The majority of participants
(66.7%, n = 96 out of 144) answered, “yes” urban areas can cause poor recreational water quality
while 27.1% (n = 39 out of 144) said, “no.” Those individuals who felt a strong responsibility to
take care of local water bodies recognized that urban areas can cause poor recreational water
quality, while participants who questioned the role of urban areas in water quality had a lesser
tendency to do so.
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Survey 2 Analysis 4
Maybe urban areas can cause poor recreational water quality
No, urban areas do not cause poor recreational water quality
Yes, urban areas can cause poor recreational water quality
40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%
5.0%
0.0%
A great deal of
responsibility

A lot of responsibility A moderate amount of
responsibility

A little of
responsibility

None at all

Responsibility to care for local water bodies

Figure 4.6

Survey 2 analysis 4 for Q22: How much responsibility do you feel towards taking
care of your local water bodies and Q24: Do you think an urbanized area can cause
poor recreational water quality? (2019). Participants who felt more responsibility
to take care of local water also were more likely to recognize that urban areas can
cause water quality to become poor.

Field methods
Secchi depth measurements
Water sampling was attempted for all water bodies that were deep and calm enough to
obtain a valid Secchi depth (see appendix E for Secchi depths). However, during the offshore
ocean surface water sampling, the Secchi depth was unsuccessfully implemented because the
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Secchi disk was overpowered swift surface currents produced by the prevailing winds and swell
action (see figure 4.7). During the Ventura River estuary (VRE) sampling, the water depth was
not conducive for accurate results.

Figure 4.7

Secchi disk ocean sampling for March 11, 2015 was unsuccessfully measured due
to swift ocean currents that overpowered the weight of the Secchi disk. The current
caused the disk to travel away horizontally from the researcher's viewpoint.
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Laboratory results
SPM concentration measurements
For each of the four surface water sampling trips, the total suspended particulate matter
(SPM total), the suspended particulate inorganic matter (SPIM), and the suspended particulate
organic matter (SPOM) were processed in the lab and graphically represented for visualization
and analysis.
During a winter wet weather month of January 2015, the first samples were collected
from the Ventura River estuary (VRE) water. Concentrations of suspended particulate matter
ranged from 5.75 at sample site VRE 2A to 13.24 mg/L at sample site VRE 1A (see figure 4.8
and appendix D for table of SPM concentrations).

Figure 4.8

Suspended particulate matter concentrations for the Ventura River estuary (VRE)
water. Sampling date: January 9, 2015. Total SPM: suspended particulate matter
(circle), SPIM: suspended particulate inorganic matter (diamond), and SPOM:
suspended particulate organic matter (square) are illustrated.
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In March 2015, the early spring wet weather samples were collected from the Ventura
River estuary water and the Santa Barbara Channel. Concentrations of suspended particulate
matter ranged from a minimum in the estuary water of 21.0 mg/L at sample site VRE 2B to a
maximum in the Santa Barbara Channel samples of 112.25 mg/L at sample site SBC 9 (see
figure 4.9 and appendix E for table of SPM concentrations). Sample site SBC 9 had the highest
concentration of SPM; it was located just offshore of Ventura harbor mouth and south of the
Ventura River.

Figure 4.9

Suspended particulate matter concentrations for the Santa Barbara Channel (SBC)
and Ventura river estuary (VRE). Sampling date: March 11, 2015. Total SPM:
suspended particulate matter (circle), SPIM: suspended particulate inorganic
matter (diamond), and SPOM: suspended particulate organic matter (square) are
illustrated.
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On August 5, 2015, summer dry weather samples were collected from the Ventura River
estuary water and the beaches of C-street, Sanjon stormwater outlet and Pierpont Bay beaches,
both highly recreated year round. Concentrations of suspended particulate matter ranged from a
minimum in the estuary water of 10.5 mg/ml for sample site VRE 2C to a maximum in the beach
samples 69.25 mg/L of sample site PB 7 (see figure 4.10 and appendix F for table of SPM
concentrations).
Pierpont Bay’s sample site PB 7 (see figure 3.6) contained the highest quantity of SPM
and suspended particulate organics for this sampling date, SPOM of 59.75 mg/L. There is a
storm outfall just northwest of this sample site (see figure 4.11 for storm drain activity). This
stormwater outfall drains Ventura River’s watershed adjacent urban subwatershed and the above
hillside gulley.

85

Figure 4.10

Suspended particulate matter concentrations for the Ventura River estuary (VRE)
and coastal Pierpont Bay beaches (PB). Sampling date August 5, 2015. Total SPM:
suspended particulate matter (circle), SPIM: suspended particulate inorganic
matter (diamond), and SPOM: suspended particulate organic matter (square) are
illustrated.
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Figure 4.11

Stormwater drainage for downtown area reached its peak during the January 6,
2016 storm event (left). Sanjon stormwater runoff rapids travel through a
channelized drain (right). (Photographs by researcher, 2016).

Spring wet weather samples were collected April 15, 2019 from the Santa Barbara
Channel in Pierpont Bay just offshore of the rivermouth. Concentrations of suspended particulate
matter ranged from a minimum in the estuary water of 162.5 mg/L at sample site 4A to a
maximum in the samples reaching 207.5 mg/L at sample site 17A (see figure 4.12 and appendix
G for table of SPM concentrations).

87

Figure 4.12

Suspended particulate matter concentrations for the Santa Barbara Channel (SBC).
Sampling date: April 15, 2019. Total SPM: suspended particulate matter (circle),
SPIM: suspended particulate inorganic matter (diamond), and SPOM: suspended
particulate organic matter (square) are illustrated.

Ocean samples collected from the Santa Barbara Channel had higher SPM concentrations
than both the river and estuary samples (see figure 4.13). Sample site 17A contained the highest
concentration of total SPM (207.50 mg/L) for the April 15, 2019 sampling date. Sample site 8A
contained the and highest suspended particulate organic matter and had an SPOM of 187.5 mg/L.
The rivermouth and the stormwater drains for the city (see figure 4.14) are located just northwest
of sample site 8A. Ventura coastal urban drainage outnumbers natural outlets. Rip currents swirl
away from the coast towards the ocean, distributing sediment laden runoff throughout Pierpont
Bay (see figure 4.14).
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The early summer foggy weather month of May 8, 2019 samples were collected from the
Santa Barbara Channel in Pierpont Bay just offshore of the rivermouth. Concentrations of
suspended particulate matter in the ocean water ranged from a minimum of 160.0 mg/L at
sample site 8B to a maximum concentration in the samples 240.0 mg/L at sample site 19B (see
figure 4.13 and appendix H for table of SPM concentrations).

Figure 4.13

Suspended particulate matter concentrations for the Santa Barbara Channel (SBC).
Sampling date: May 8, 2019. Total SPM: suspended particulate matter (circle),
SPIM: suspended particulate inorganic matter (diamond), and SPOM: suspended
particulate organic matter (square) are illustrated.

Sample site 19B contained the highest quantity of SPM and suspended particulate
organics for this sampling date, SPOM of 197.5 mg/L. Surface water sample site 8 south of the
river mouth had the minimum while sample 19B the furthest away southward had the maximum
for both 2019 sampling dates (see figure 4.14). Sample site 4A located closest to the river mouth
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had SPM total concentration of 162.5 mg/L. Sample site 8B had SPM total concentration of
160.0mg/L. Sampling site 17A had SPM concentration of 207.5mg/L. Sample site 19B had SPM
concentration of 240.0mg/L.
Chemical elemental analysis
Heavy metals found in the Ventura River Estuary for the January 9, 2015 sampling trip
included aluminum, copper, lead, mercury, nickel, and zinc (see figure 4.14). Calcium,
magnesium, potassium, and sodium were also found in the 4 samples (see figure 4.14). All of the
heavy metals were under the allowable amounts in the water samples. The researcher was unable
to locate any historical data for the Ventura River surface water. Previous USGS studies included
the nearby Santa Clara River and Ventura’s groundwater basin but not Ventura River’s surface
water. Responses were received from three different USGS employees. Ryan D. Mesmer
(Hydrologic technician at California Water Science Center), Michael R. Rosen (Research
hydrologist/water quality specialist for research) and Joseph Domagalski (Program Chief at
California Water Science Center, biogeochemistry and contaminants) responded via email that
they were unable to locate any previous chemical elemental data or analysis for the Ventura
River in the USGS archives.
Higher levels of calcium and sodium (see figure 4.14) in the Ventura River estuary
surface water samples. Calcium ranged from 214.50 ppm in surface water samples to 19,981.8
ppm in the sediment sample. Magnesium ranged from 281.55 ppm in surface water samples to
1,583.179 ppm in the sediment sample. Potassium ranged from 99.02 ppm in surface water
samples to 766.862 ppm in the sediment sample. Sodium ranged from 3,594.08 ppm in surface
water samples to 834.44 ppm in the sediment sample (see appendix D for full report).
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Elemental Analysis of Ventura River Estuary (VRE) & Sediment (VRS)
Janurary 9, 2015
VRE 1A

VRE 2A

VRE 3A

VRS
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Figure 4.14

Elemental analysis of the Ventura River estuary (VRE) samples. Sampling date:
January 9, 2015. See appendix D for full report. Three Ventura River estuary water
samples were collected (VRE 1A, 2A, 3A) and one Ventura River sediment
sample (VRS).

USGS hydrological data
The Ventura River USGS stream gage discharge data were available for the sampling in
of April and May 2019 (see figure 4.15). River discharge results will be discussed in USGS
standard units for reporting of USGS hydrologic data. River Discharge rates had the highest
reading of 4,020 ft³/s (113.8 m³/s) in the winter wet month of January and the minimum
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discharge of less than 1 ft³/s (0.028 m³/s) in August/September when the weather is particularly
dry, and the Santa Anas frequently prevail.

Figure 4.15

One year hydrological Ventura River discharge data for 2019 sampling dates. Data
are reported in the standard USGS unit, ft³/s.

The Ventura River USGS stream gage discharge data were downloaded for January,
March, and August 2015 sampling dates (see figure 4.16). River Discharge (ft³/s) rates for these
sampling trips were below the April and May 2019 sampling dates. River discharge never
reached above 4 ft³/s (0.113 m³/s) within a particularly dry year.
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Figure 4.16

One year hydrological Ventura River discharge data for 2015 sampling dates. Data
are reported in the standard USGS unit, ft³/s.

A ten year time series for the Ventura River USGS stream gage discharge data was
downloaded (see figure 4.17) to examine 10 years of data that covered all the water sampling
dates for this project. River Discharge (ft³/s) rates for the ten year trend were less than 1 ft³/s
(0.028 m³/s) and didn’t reach above 70 ft³/s (1.982 m³/s) until March.
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Figure 4.17

Ten year trend in hydrological Ventura River discharge data. Data are reported in
the standard USGS unit, ft³/s.

A time series for the Ventura River USGS stream gage discharge data was downloaded
(see figure 4.18) to examine 60 years of hydrological data. River Discharge (ft³/s) rates were at
their lowest during the months of August - December reaching less than 1 ft³/s (0.028 m³/s) and
the river discharge stayed below 21 ft³/s (0.595 m³/s) as determined through the median of the
daily mean. This further emphasizes that the Ventura River watershed is predominantly a desert.
However, during El Niño years, the watershed experiences higher precipitation resulting in
higher river discharge rates.
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Figure 4.18

Sixty year trend hydrological Ventura River discharge data. Data are reported in
the standard USGS unit, ft³/s.

All the river discharge data sets analyzed show a negative trend over time. Whether it
was 1 year of discharge data or 60 years of discharge data, there appears to be lower river
discharge throughout the year which is representative of the Mediterranean climate. However,
when one-year datasets were compared with sixty year, the discharge variation from year to year
become extreme. For example, the 2015 surface water sampling year had a maximum river
discharge of 3.9 ft³/s (0.110 m³/s), compared to the 2019 sampling year which had a maximum
river discharge of 4,020 ft³/s (113.8 m³/s). Some years show lower river discharge rates, and
some demonstrate the flash flooding that is reflective of the ENSO cycle which becomes clearly
reflected in the river discharge data when each year is examined individually.
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Satellite image processing
Remote sensing capability works well as an alternative method. However, there are
serious impediments to consider when imaging an area that experiences significant and long
lasting coastal fog banks. The seasonal fog banks occlude the surface reflectance making it
difficult to use remote sensing. To ensure the collection of useful remote sensing imagery for
water quality analysis, the following atmospheric parameter of 10% cloud cover or less is
recommended during the satellite overpass to ensure the atmosphere will not affect the
reflectance values significantly. MODIS Aqua imagery (see figure 4.19) was used to design the
ocean sampling sites in order to best capture Ventura River discharge and its associated sediment
plume entering the Santa Barbara channel. Each satellite image coincided with a severe weather
statement classified as either a mudslide or flash flood event by the National Weather Service.
Satellite images from NASA’s Ocean Color Web portal that corresponded with the April and
May 2019 surface water sampling dates did not meet the recommended parameters and had
cloud cover that prevented the surface reflectance from being collected.
SeaDAS historical storm imagery
The historical storm imagery from past severe weather events helped demonstrate that
severe weather events can trigger offshore sediment plumes that are then carried southward by
the prevailing longshore California current. The coinciding resampled true color Modis-Aqua
satellite imagery provided a visual that can assist in the determination of the presence of an
offshore sediment plume. For the 2019 surface water sampling trips, the collection of cooccurring clear-sky satellite images proved to be challenging because of the atmospheric coastal
interference of a persistent fog bank that formed along the coastline.
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Figure 4.19

Historical satellite MODIS - Aqua true color images with visible sediment plume
co-occurring with a significant weather event classified by the National Weather
Service and verified by NOAA’s National Center for Environmental Information.
/or water quality sample collection by researcher. (a) MODIS data: 1/10/2005 El
Niño low pressure system triggering La Conchita mudslide; (b) MODIS data:
2/11/15 McGrath State Beach river berm break of the Santa Clara River; (c)
MODIS data: 11/1/14 Camarillo mudslide, and an issued surf advisory; (d)
MODIS data: 11/1/14 Camarillo mudslide and an issued surf advisory; (e) MODIS
data: 1/9/15 Ventura River estuary water quality sampling; (f) MODIS data:
3/1/15 Flash flood warning and Pacific Coast Highway closure due to mudslide;
(g) MODIS data: 3/1/15 Flash flood warning and Pacific Coast Highway closure
due to mudslide; (h) MODIS data: 3/11/15 Santa Barbara Channel water quality
ocean sampling.
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CHAPTER V
DISCUSSION
Geoliteracy implications
Ventura, CA is a coastal city with many beachgoers and water enthusiasts. The
Mediterranean climate that the city experiences allows for year round enjoyment of the outdoors.
However, during the wet weather months this semi-arid climate experiences rain events that in
combination with an urbanized coastline, channelized storm drains, and resulting stormwater
runoff, can trigger poor coastal water quality. Despite the visible stormwater runoff, some water
enthusiasts continue to recreate in stormwater impacted coastal water immediately after a
rainstorm (27%, n = 38 out of 141). Throughout Southern California, most counties issue 72hour advisories after a rainstorm for recreational water use. But that doesn’t mean that water
enthusiasts heed the warnings or even know the advisory exists since there are not always signs
posted at local beaches.
Throughout this investigation, the researcher encountered many community members
who were considered to be water enthusiasts. Discussions of coastal water quality and a
rainstorm’s impact on the quality of water helped shed light on an ongoing problem for Ventura
and Southern California in general. Not only does urban runoff impact the recreational water in
Ventura, but additionally there exists a homeless population referred to by the locals as hobo
jungle living in the river bottom. Surfers anecdotally mention hobo jungle and blame the cause of
their hepatitis A from surfing near rivermouths where the homeless live, with chronic drug use
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that is known to occur amongst the river bottom residents. State Park workers found a plethora of
drug paraphernalia and trash littering the river bottom during clean up events (California State
Parks, 2019). The Ventura river estuary water is held back behind a sand berm throughout the
dry season. But once the rains begin, the river will release its estuary water impacting the highly
populated beaches just south of the river mouth. For this investigation, the surveys were
implemented in hopes of better understanding the relationship between recreational water quality
and the community’s geoliteracy, specifically the community’s water quality knowledge and
understanding of when and why the recreational water becomes too unhealthy to use.
This research investigated factors that influence stormwater quality throughout the
Ventura River Watershed and probed the socio-ecological relationship between local resident
behavior and stormwater quality for recreationally used water resources. Sub-questions probed if
awareness of watershed health will increase the involvement towards improving the quality of
the watershed health, if community members and their knowledge of geoscience concepts like
water quality influence their decision making regarding recreational water, and if there is a
connection between the quality of the recreational water and community geoliteracy. The
suspended particulate matter concentrations from the ocean water samples that were collected for
this research were typically above the World Health Organization’s standard for recreational
water (20 mg/L), but only 26.6% (n = 38 out of 143) of survey participants could correctly
identify causes of excessive stormwater runoff.
The relationship between a survey participants knowledge of SGI and their rating of
recreational water quality is not readily apparent and needs to be further probed in future studies.
Survey participants who rated their knowledge of SGI as expert may have incorrectly perceived
their own knowledge or local recreational water quality (Q25: How would you rate your
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knowledge of stormwater green infrastructure). Survey participants who rated their knowledge
of SGI as poor may have guessed when they answered Q15: How would you rate the overall
quality of the recreational water in your community? Additionally, awareness of what is
considered to be polluted water and what contributes to the pollution should be examined further.
The survey asked the participant to rate their own knowledge. However in a future study the
accuracy of self-rated knowledge could be examined by probing the participants’ actual SGI
knowledge similar to Q26: What role do wetlands play to help reduce the impact of excessive
stormwater runoff.
Survey limitations
Survey 1 results may not have provided an accurate representation of the community that
lives in the Ventura River Watershed (VRW). It appeared that social media dissemination of the
survey did not reach the entire population of the watershed for a representative sample. This
understanding can be used to explore diverse avenues for disseminating geoinformation through
additional avenues beyond an online platform to help determine the best management and
educational practices for achieving a healthier environment and a geoliterate community.
Relying on social media alone will likely not provide a representative sample set.
The biased nature of the participants from survey 1 demonstrated the need to have
multiple survey approaches in order to achieve a better representation of the diverse
socioeconomic population that can exist within a community. Survey 1 did not have participants
from the lower socioeconomic part of the Ventura River watershed (VRW) community who
typically does not have access to the Internet. Instead, Survey 1 captured the voices of the white
and well educated. However, the voices of those deemed at risk are also important in community
representation. For the VRW, the most severely disadvantaged community also have the highest
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concentration of Spanish speaking households demonstrated by figure 5.1 and emphasized by
black circles. The most economically disadvantaged community also resides along the Ventura
River that is closest to the rivermouth and its coastal waters. An economically depressed
community may be subjected to pollution. Even if residents are knowledgeable regarding the
impacts of pollution on the quality of the environment, they do not have the resources to make
efforts towards improving the water quality of their watershed (Subra, 2014).

Figure 5.1

Ventura River Watershed median household income (left). VRW Spanish speaking
households (right). Source: VRWC, 2014.
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Survey 2 limitations included an overabundance of participants aged 18 or younger as the
majority: 49.7% (n = 71 out of 143). Additionally, participants were asked to rate their own
knowledge of stormwater green infrastructure. Rating one’s own knowledge may not be
beneficial because the self-perceived knowledge may not have been reported accurately. Survey
2 also did not have many participants that resided within the boundaries of the Ventura
watershed (26.4%, n = 37 out of 140). While the downtown area of Ventura is only considered to
be a subwatershed, the abundant urban cover has a significant impact on the coastal water quality
due to the channelization of its hydroscape.
Survey 2 interpretations
By surveying the Ventura community, the researcher was able to gain a better
understanding of the community’s general geoliteracy and behavior regarding recreational water
quality. Regarding awareness of polluted recreational water, n = 12 out of 144 participants
reported that would ignore the sign warning of polluted water. However, less than 1% of
participants (n = 3 out of 144) who stated they would ignore a sign posted warning of polluted
water and still recreate also have self-reported that surfing in stormwater runoff made them sick.
The majority of survey participants answered they felt only “a moderate amount” of
responsibility towards community water pollution (34%, n = 49 out of 144). Participants who
understood that urban stormwater runoff can cause poor recreational water quality were also
more likely to report that they felt a responsibility to take care of their local waterbodies.
Many survey participants (61.4%, n = 78 out of 127) appear to be more likely to avoid
the water if there was a sign warning the public of poor water quality, if they also reported they
haven’t experienced symptoms from a waterborne illness. If a participant rated their knowledge
of stormwater mitigation strategies (SGI) as average or below average, the participant was more
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likely to also perceive the recreational water quality in their community was poor based on
survey analysis results. Undoubtedly, survey results indicated improved geoscience literacy is
needed for the Ventura community.
Formal education’s role in community geoliteracy
In an attempt to combat the nature of a school’s demographics based on location, Ventura
Unified School District (VUSD) began to implement School of Choice in order to create an
opportunity for parents to choose what school to send their children regardless of their boundary
school. The School of Choice lottery is held every year. In addition, VUSD schools received a
science, technology, engineering, and mathematics (STEM) grant and created magnet elementary
schools. Each elementary school has developed unique STEM themed curriculum. The primary
schools are working towards a better understanding of the best approach to managing the growth
of scientific literacy both locally and globally as well as helping to educate and empower
communities initially forced to attend the school closest to where they resided.
Continued development of an integrated Earth science curriculum throughout the U.S.
Specifically, the Ventura high schools have implemented a newly integrated curriculum with an
emphasis on interweaving applied Earth Science into previously taught courses such as Biology,
Chemistry, and Physics. This integrated approach was created to build a society that has an
improved understanding of the intersections between Earth and humans and may lead to better
decision making regarding environmental impacts. Results of an integrated Earth science
curriculum may lead to better stormwater runoff mitigation practices. However, according to
research conducted by cognitive scientists, a connection was found between emotion and
attention. Emotion was found to be a powerful stimulus for a person’s attention, their behavior,
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and resulting activity (Tyng et al., 2017). In short, humans require an emotional response to
change their risk-oriented behavior while science literacy plays less of a role.
Geoscience conceptual understanding requires a scientifically literate population. The Big
Ideas of the Earth Science Literacy Initiative (ESLI) and the Next Generation Science Standards
and associated concepts help to prioritize the essentials of Earth science literacy. The standards
provide a consistent framework for both informal and formal education settings. Concerned
science educators believe that climate change, availability of freshwater, and sources of
renewable energy are all a large part of the Earth sciences (ESLI, 2010). Scientifically accepted
constructs such as climate change and evolution still continue to be hotly debated within the
general population. Communicating data and its implications in an understandable format may
improve science literacy.
Community resources and mitigation strategies: ocean friendly gardening
Ventura Water and Ocean Friendly Gardens are two local entities that host free workshops
geared towards permaculture and the implementation of climate appropriate and ocean friendly
gardens. They provide local resources, rebates for turf removal, and educational opportunities.
Currently, the effectiveness of their ocean friendly garden workshops and its impact are either
not being monitored or not available to the public. However, assessment of these programs may
help answer SQ1 (Does awareness of watershed health affect a community’s involvement and
effort toward the improvement of overall watershed health?) and address the effectiveness of
community ocean friendly gardening workshops and the participants’ willingness to improve the
watershed by reducing stormwater runoff from lawns. Impacts of the workshop’s effectiveness
may be measured by quantifying the removal of turf and other impermeable ground cover and its
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conversion into ocean friendly landscape. Participant change in landscaping habits and their
waterwise efforts may already have an impact on community landscaping behavior.
The researcher attended the above-mentioned ocean friendly garden workshops to
observe watershed actors and make connections with the workshop hosts to help further an
understanding of SQ1. The participatory observational involvement allowed the researcher to
assimilate part of the experience into a thoughtful geo-oriented dialogue with water enthusiasts.
The researcher found a small group of people that appeared to be interested in improving the
water quality through permaculture.
However, despite the city’s efforts to improve ocean water quality, the city of Ventura
continues to approve new modification of landcover through the construction of housing
developments along the coastline. Also, along the Ventura River, Ventura’s hillside development
continues economic growth through an increase in land available for agriculture and housing
developments, as demonstrated in figure 5.2.
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Figure 5.2

In a Google image time series, the historical agricultural development can be
observed as the hillside modification creeps up the western side of the Ventura
river valley. Terracing and farmland alter the landcover over time. September 1994
(left) and November 2018 (right).

Hydrology implications
Remote sensing limitations
The collection of clear-sky satellite images proved to be challenging for the Ventura
River watershed study area because of sediment plume development coincided with significant
cloud cover. Ventura has major atmospheric limitations including coastal fog banks and overcast
conditions that prevent the acquisition of usable remote sensing reflectance values from the
ocean surface. Specifically, during the early summer, the ocean surface temperatures are cooler
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than the warmer overland surface temperatures causing fog to form along the coastline. This fog
is typical atmospheric behavior for a Mediterranean climate which leads to gloomy summer
weather.
Integration of several significant predictors for an estimation of suspended sediment
concentration may be able to provide a better understanding of the hydrogeology of the Ventura
River Watershed. However, the numerous and diverse hydrology sources as well as
discontinuous USGS hydrology data make consistent and comprehensive analysis difficult.
NASA’s SeaWiFS Data Analysis System (SeaDAS) 7.5 software can also be utilized to
create true color images and resultant sediment concentration maps. A map of the surface water
reflectance values using SeaDAS 7.5 can be obtained to help develop an algorithm specific to the
Ventura coastal area. Potentially, a model including the variables that play a role in river
discharge of suspended sediment can be implemented to show the correlation between sea
surface water reflectance, pressure regimes, tidal fluctuations, and SPM concentrations to
demonstrate overall water quality.
The proposed SPM model utilizing satellite data that was planned for this study was not
able to be developed using MODIS-Aqua imagery and the extraction of Rrs values at the surface
water sampling UTM coordinates because of the cloud cover during the April and May surface
water sampling trips. To ensure the use of satellite imagery the following parameters needed to
occur: thresholds will be no greater than 5 knot winds and 10% cloud cover and will allow the
researcher to collect surface reflectance values that are not significantly impacted by the
atmosphere. For the April and May 2019 surface water sampling trips, cloud cover interfered
with the acquisition of reflectance values. Therefore, a regression analysis between the satellite
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imagery Rrs values and SPM concentrations could not be conducted to determine a significant
relationship.
The April and May 2019 ocean sampling sites show the prevalence and pathway of the
longshore current and its impact on the Ventura River suspended sediment and river discharge.
The longshore current flows predominately Southeastward along the coastline. The longshore
current transports suspended particulate matter along the coastal beaches during large swell
activity and creates another opportunity for sand deposition (see figure 4.14). Flash flood rain
events and urbanized stream channels impact the magnitude and formation of coastal sediment
plumes. The 2019 ocean sampling locations were designed to capture SPM plumes identified in
the historical MODIS Aqua imagery. SPM concentrations of SB channel water samples match
typical MODIS Aqua imagery sediment plume development traveling along this coastline
helping to track the suspended particulate matter and plume behavior. During significant
stormwater runoff, the Ventura River continues offshore but slows down, allowing suspended
sediment to slowly settle to the ocean floor.

Coastal recreational water quality
The overarching inquiry into the Ventura River watershed examined the socioecological
factors that influence stormwater quality for recreational used water. In order to answer the
ecological side of water quality, a preliminary sampling of the Ventura River estuary water and
sediment and subsequent chemical analyses of these samples showed concentrations of mercury
(4 ppb) and lead (1.846 ppm) in the Ventura River sediment (VRS) (sample ID 150114002-004,
January 2015; see appendix D for full chemical element report). Concentrations of selenium
(0.355 ppm) and arsenic (1.354 ppm), which commonly co-occur, were also detected. These
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heavy metals are known carcinogens and neurotoxins, which can be problematic for human
health. Previous research reported that neurotoxins such as lead have been found to compromise
the capability and can cause abnormal development of a person’s brain (National Research
Council, 1992). Aluminum, another neurotoxin, was found in all four samples. VRS sample ID
150114002-004 contained 1,168.217 ppm of aluminum, while the three Ventura River Estuary
(VRE) water contained levels ranging from 0.582 - 1.018 ppm. The coastal waters are highly
recreated throughout the year and heavy metals in the water and sediment of VRE should be of
concern and examined further.
The World Health Organization’s recreational limit for total suspended particulate matter
is set at 20 mg/L. The total SPM concentrations for many of the surface water samples were
above 20 mg/L (see appendices D – H for table of all SPM concentrations). The concentrations
of organic SPM were also higher than the inorganic counterpart for most samples obtained in the
five surface water sampling trips. This higher concentration of organics versus inorganics in the
water sample may be indicating that rainfall events are not only bringing pollutants to the coastal
waters but also nutrients that increase the biotic components. The established research regarding
the impacts of poor water quality on the health of the ecosystem show an increased risk to
contract a waterborne illness during times of significant storm runoff. Stormwater runoff,
especially in urban areas, has been shown to carry pathogens and pollutants into the coastal
waters. If the coastal water is used recreationally, the water enthusiasts can be exposed to
contaminated water. SQ2 was addressed by asking participants to self report whether they
thought they had experienced symptoms of illness after recreating in water impacted by
stormwater runoff (see appendix C for full survey report). 11.81% (n = 17 out of 144) of
participants reported that they have experienced symptoms of illness after recreating in water
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impacted by stormwater runoff and 30.56% responded that they didn’t know if they had been
impacted (n = 44 out of 144).
Development of educational models
Human hydrologic cycle
The Ventura River Valley community has come together in numerous ways to fundraise,
purchase, restore, protect, and increase science literacy in both formal and informal ways. For
example, the community offers permaculture workshops, monthly beach cleanups, annual
fundraising events, field learning opportunities for the K-12 schools, and monthly citizen science
water quality testing of the VRW. The environmental improvement and informal education
opportunities address help SQ1 and can demonstrate the ways in which the community can
interact with and learn about nature. The informal educational opportunities available to the
community may be helping to increase geoliteracy throughout the Ventura River Valley
community. However, there currently are not enough available data to fully address SQ1 and
document if all of these community organizations are having a significant impact on the water
quality of the Ventura beaches.
Additionally, during the process of surveying the community, the researcher observed the
lack of diversity in environmentalism reflected in the results of survey 1. Environmentalism
began historically with the privileged wanting to protect recreational resources, such as hunting.
However, through environmental justice studies, we see that the most polluted communities are
those of the lower socioeconomically disadvantaged (Subra, 2014). SQ3 asks if community
geoliteracy impacts the quality of the environment. An analysis of survey 2 did not fully address
this research question and additional research is needed for a better understanding of the
relationship between community geoliteracy and the quality of their environment.
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Geocognition model
Throughout civilization humans have mistreated Earth and have historically tried to
control, manipulate, and consume water in a way that is not sustainable for a growing population
(Fagan, 2011). The way in which humans feel connected to water and how water impacts human
lives intimately is currently in question and may be demonstrated by the global water quality and
quantity challenges society is currently facing. However, survey 2 participants were questioned
whether they thought their community could successfully address environmental water pollution
issues; 61.1% (n = 88 out of 144) responded with ‘yes’ indicating a hopeful outlook.
Diagrams from textbooks depicting the hydrologic cycle do not always include the
human element as an important factor that impacts how water interacts with Earth's surface
(Abbott et al., 2019). The inaccurate hydrologic depiction for the relationship between water and
humans may have helped reinforce the separation of humans and nature (Abbott et al., 2019).
This lack in understanding for the human-water relationship is demonstrated historically by the
burial and removal of California coastal wetlands and conversion of floodplains into farmland.
A need for geoscience understanding and how humans are intimately connected to water
is the most pressing environmental challenge of the 21st century. How does the scientific
community successfully encourage a local or global community to care and to take action, to
change behaviors, to speak out when against environmental contamination (SQ1)? For a
community struggling with water quality and quantity issues, improvement in geoliteracy and
geocognition may be beneficial for connecting the risks of poor stormwater quality with the
health and wellness of a community (SQ3).
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CHAPTER VI
CONCLUSION
Using an interdisciplinary approach, an investigation of the water quality of Ventura,
California’s watershed and its coastal waters as well as the community’s geoliteracy,
geocognition, and resident choices that impact the geohydrologic processes and stormwater
quality have been investigated.
Despite the hydrologic influence of recent El Niño conditions, Southern California
continues to experience drought conditions and a lengthening wildfire season. There is no simple
response that explains the tendency for some citizens of the United States to be resistant to
proposed environmental policy that would regulate polluters in their own environment.
Additionally, an individual's stance on their environment may have more to do with a
cultural predisposition rather than an education level or exposure to their natural environment.
Socio-cultural values determine resident choices and behavior (Kahan et al., 2011). A singular
approach is not useful for the improvement of community geoliteracy but instead a plethora of
approaches should be utilized due to the varying socio-political nature of potential learners.
Community engagement and water quality
There continues to be community engagement regarding coastal water quality through
regularly scheduled and well attended beach clean ups and citizen science water quality testing.
Nationwide Surfrider Foundation reported 136,519 volunteers, 3,146 cleanups, and 268,818
pounds of trash and recycling removed from coastlines and lake shores (Surfrider Foundation,
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2019). Suspended sediment in coastal waters is visible from the beach and hillsides after river
discharge and stormwater runoff exit through the channelized storm drain outlets and into the
coastal water where surfers flock during low pressure systems that bring rain and snow to the
VRW (see figure 6.1). However, based on researcher’s observations and despite the appearance
of brown water, water enthusiasts continue to recreate in water impacted by stormwater runoff.
To address SQ2, survey 2 asked participants if there was a sign posted stating that the water was
polluted, would they avoid the water. The majority of participants, 88.19% (n = 127 out of 144)
reported they would avoid the water. The results from survey 2 may be used to aid in the
understanding of disseminating geoinformation and help determine the best management and
educational practices for achieving a healthier community.

Figure 6.1

Local and knowledgeable surfers (left) continue to enter recreational water when
swell is large, wave formation is clean, and storm runoff is high. Stormwater flows
out of the C-street storm drain (right). (Photographs by researcher, 2018).
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Future research
Continued surveying of geocognition and geoliteracy
Finding the best avenues for understanding a community’s science literacy can aide in the
dissemination of watershed science. The collection of participant survey data on community
workshops and its effectiveness may demonstrate whether or not the participants implement
permaculture taught to them regarding homeowner landscaping skills that help with healthy
stormwater management. Also, tracking the amount of turf removal from community workshop
participants might indicate that the workshop is causing a change in landscaping behavior.
Participation in ocean friendly workshops may encourage and provide enough support for
homeowners to spend time, energy, and money to convert their hardscapes and climate
inappropriate grass into more absorbent surface cover. Incorporating Mediterranean creek beds,
rain barrels, and other pervious surfaces help recharge groundwater systems and prevent
stormwater runoff from funneling directly from a yard and roof runoff into the city storm drains
which then head through culverts, channelized waterways into coastal storm outlets. Whether
these changes are taught, and implemented by, all community members remain to be determined.
The ocean friendly garden workshops are free to attend and typically located in accessible areas
to the part of the community that is categorized as being of lower social economic standing.
However, to implement stormwater green infrastructure costs both time and money, which
indicates that some parts of the Ventura community may not be able to participate in the
improvement of the recreational water quality impacted by stormwater runoff.
Continuous land change assessment
The modification of natural land cover into urban is significant for stormwater behavior
and is a detriment to coastal and recreational water quality. It is unreasonable to think
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communities can completely restore the land back to its climate appropriate landscape since that
is not conducive to humans’ comfort. How to modify the land to benefit both humans and the
hydrologic cycle should be the focus. The intersection of the hydroscape and humans is crucial to
not only the wellbeing of the human race but to the wellbeing of the planet.
Continuous water quality monitoring
Beach water quality and the magnitude of swell behavior should be considered in the
future. Santa Barbara (SB) Channelkeeper continues to monitor and publish water quality data
that specifically look for an indication of fecal bacteria, such as fecal coliforms, total coliforms,
and enterococci. These SB Channelkeeper water quality results are limited to ongoing water
impairments and not to directly be used to issue health advisories. Specifically, a citizen science
project focused on the Ventura river mouth and its estuary water and sediment preceding a
significant storm event could be beneficial to the local recreational community. Chemical
element analysis and SPM concentrations may be used to predict contamination for highly
recreated coastal water quality.
The January 9, 2015 chemical analysis of the estuary water field data reveal that the
suspended particulate matter (SPM) was higher for the January sampling than the March 11,
2015 sampling. Between the January 9, 2015 sampling and the March sampling there were 132.2
cm of rainfall in Ventura County (NCDC, 2015). The decreased SPM in the river samples
resulted in the outflow of river water into the ocean. In addition, the presence of heavy metals in
the river samples and concentrations of suspended sediments in the ocean samples indicate that
rainfall events may also bring pollutants, harmful microorganisms, and pathogens to coastal
ocean waters which can affect human health (Chen, Lu, Dash, Das, Li, Capps, Hajidzadeh &
Elliot, 2019). A consideration of rainfall data using monthly National Climatic Data Center
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(NCDC, 2015) files can be utilized to examine if there is a relationship between rainfall intensity
and quantity to the distribution and development of the sediment plume. Coincident clear sky
satellite data can be obtained to examine the relationship of active draining and sediment plume
formation. Atmospheric correction would need to be utilized in terms of weather data to better
understand sediment plume dynamics associated with clear skies.
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Figure 6.2

The images taken one year apart from the viewpoint of the Santa Ana bridge
demonstrate the fluctuating and intermittent Ventura River stormwater discharge
for the January 17, 2019 storm caused the VR discharge (right) to rise from 91 to
4,020 cubic feet per second in 24 hours (2.6 m³/s - 113.8 m³/s). One year later on
January 19, 2020 (left), the river discharge is stagnant (Photographs by researcher).
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Importance and relevance
During January and February, peak river discharge typically occurs when northeastward
moving warmer currents trigger rainstorms and therefore stormwater to travel through the
Ventura watershed. Beach goers continue to submerge themselves in ocean water recreationally
throughout the entire year putting themselves at risk of being exposed to harmful waterborne
pathogens. This risky behavior may occur from a lack of understanding of the relationship
between water quality, urbanization, and stormwater runoff or due to their personal risk
evaluation ignoring signs of pollution. Previous research (Lipp et al., 2001) concluded that the
single most important variable that put water bodies at risk is urban stormwater runoff caused by
a channelization of waterways and excess impervious surface cover. Human modification and
urban development continue to increase, especially for mid-size cities such as Ventura, CA.
This research has contributed to better understanding in both the methodology for
collecting a representative sample from a specific community and the perceptions from a
community concerning their perceived responsibilities and knowledge regarding their local
recreational water quality. This research attempted to address whether local water and its quality
may be used as a way to foster a sense of place amongst a community. Community members do
care about their environment, however, may not understand how they personally impact or can
improve the recreational water. However, a clear understanding that Earth’s environmental
health significantly impacts human health may not be enough to keep water enthusiasts out of
coastal waters impacted by storm runoff until water quality improves. The research was lacking
in terms of using the ocean water samples and associated SPM concentrations to build a model
that could rapidly assess the recreational water quality, which could then be used to warn the
public of when it is unsafe to recreate.
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Cultivating one’s water awareness through socio-cultural associations as well as through
informal geoscience education may help raise awareness and combat common geoscience
misunderstandings. However, some researchers suggest that there is a need to engage a
community with regard to the potential harm in their behaviors and associated hazardous
activities. And yet risk orientated behavior may be unlikely to change due to the community’s
prevalent and deeply engrained socio-political and tribal nature (Kahan, 2015). An improvement
in community geoliteracy and an understanding of one’s actions and the impact on recreational
water quality may help to foster a communal future, leading to greater efforts towards improving
a watershed’s health (Hawkins et al., 2015; Lave, 2015).
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Table A.1

IRB process for survey 1 and survey 2
Survey 2: Community
Survey 1: Building environmental
perceptions of water

IRB process

literacy, 2015
resources in local
environments, 2019

Identifying number

IRB-15-330

IRB-19-019

Renee M. Clary

Renee M. Clary

Review type

exempt

exempt

Approval date

10/5/2015

2/12/2019

Expiration date

1/1/2017

2/11/2024

Dates available

10/11/2015 - 12/31/2015

4/1/2019 - 12/31/2019

Principal
Investigator
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Figure A.1

IRB approval email for survey 1.
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3/22/2020

Mississippi State University Mail - Approval Notice for Study # IRB-19-019, Community Perceptions of Water Resources in Local Environments

Julia Domenech <jad489@msstate.edu>

Approval Notice for Study # IRB-19-019, Community
Perceptions of Water Resources in Local Environments
1 message
prm199@msstate.edu <prm199@msstate.edu>
Tue, Feb 12, 2019 at 8:36 AM
To: rmc192@msstate.edu, dws6@msstate.edu, jad489@msstate.edu,
pd175@msstate.edu, ssa60@msstate.edu
Protocol ID: IRB-19-019
Principal Investigator: Renee Clary
Protocol Title: Community Perceptions of Water Resources in Local Environments
Review Type: EXEMPT
Approval Date: February 12, 2019
Expiration Date:February 11, 2024
The above referenced study has been approved. To access your approval documents,
log into myProtocol and click on the protocol number to open the approved study. Your
official approval letter can be found under the Event History section. For non-Exempt
approved studies, all stamped documents (e.g., consent, recruitment) can be found in
the Attachment section and are labeled accordingly.
If you have any questions that the HRPP can assist you in answering, please do not
hesitate to contact us at irb@research.msstate.edu or 662.325.3994.

https://mail.google.com/mail/u/1?ik=f0f78fd041&view=pt&search=all&permthid=thread-f%3A1625281696847810457&simpl=msg-f%3A1625281696847810457

Figure A.2

IRB approval email for survey 2.
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Survey 1 participant script

“Building environmental literacy both locally and globally: Educating and Empowering
Environmental Justice Communities to Identify and Report Exposure and Health Impacts
Associated with Industrial and Agricultural Operations

The following online survey will help in the understanding of building environmental literacy
both locally and globally as well as educating and empowering environmental justice
communities to identify and report exposure and health impacts associated with industrial and
agricultural operations.

By continuing, you are agreeing to participate in the research. If you choose to participate in this
study, you will be asked to complete a short survey that will take about 5-10 minutes to
complete. Your responses are voluntary and will be confidential. Responses will not be identified
by individual. All responses will be compiled together and analyzed as a group.

If you have any questions or concerns about this research project, please feel free to contact Julia
Domenech at jad489@msstate.edu or Dr. Renee Clary rmc192@msstate.edu. Please understand
that your participation is voluntary. Your refusal to participate will involve no penalty of
benefits to which you are otherwise entitled. You may discontinue your participation at any
time without penalty or loss of benefits.
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Thanks for your participation and interest in this research. If you would like to proceed please
click on the begin survey button below.”
Survey 1 report
1. What type of community do you live in?
#
Answer
1
Farm
2
Open country
3
Town or City
4
Suburb
Statistic
Min Value
Max Value
Total Responses

Bar
0
0.02631578947
0.7631578947
0.2105263158

Response
0
1
29
8

Value
2
4
38

2. What type(s) of water bodies are in your community? Mark ALL that apply)
#
Answer
Bar
Response
1
River and stream
0.6578947368
25
2
Groundwater
0.6052631579
23
3
Ocean
0.4210526316
16
4
Lake
0.5526315789
21
5
Other
0.1052631579
4
Statistic
Min Value
Max Value
Total Responses

%
0%
3%
76%
21%

%
66%
61%
42%
55%
11%

Value
1
5
38

3. What type(s) of natural hazards do you experience in your community? (Mark ALL
that apply)
#
Answer
Bar
Response
%
1
Flooding
0.6756756757
25
68%
2
Earthquakes
0.3783783784
14
38%
3
Mass movements
0
0
0%
4
Severe weather
0.6216216216
23
62%
5
Volcanoes
0
0
0%
6
Tsunamis
0
0
0%
7
Forest fires
0.3243243243
12
32%
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Statistic
Min Value
Max Value
Total Responses

Value
1
7
37

4. I am exposed to air pollution in my community.
#
Answer
Bar
1
Strongly Agree
0.1794871795
2
Agree
0.4871794872
Neither Agree nor
3
Disagree
0.1538461538
4
Disagree
0.1538461538
5
Strongly Disagree
0.02564102564
Total
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

%
18%
49%

6
6
1
39

15%
15%
3%
100%

Response
4
14

%
10%
36%

11
9
1
39

28%
23%
3%
100%

Value
1
5
2.36
1.08
1.04
39

5. I am exposed to soil pollution in my community.
#
Answer
Bar
1
Strongly Agree
0.1025641026
2
Agree
0.358974359
Neither Agree nor
3
Disagree
0.2820512821
4
Disagree
0.2307692308
5
Strongly Disagree
0.02564102564
Total
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Response
7
19

Value
1
5
2.72
1.05
1.02
39

6. I am exposed to pollution while I am at home.
142

#
1
2
3
4
5
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Answer
Strongly Agree
Agree
Neither Agree nor
Disagree
Disagree
Strongly Disagree
Total

Bar
0.1025641026
0.2051282051

Response
4
8

%
10%
21%

0.3076923077
0.3333333333
0.05128205128

12
13
2
39

31%
33%
5%
100%

Response
6
12

%
15%
31%

15
4
2
39

38%
10%
5%
100%

Value
1
5
3.03
1.18
1.09
39

7. I am exposed to pollution while I am at work.
#
Answer
Bar
1
Strongly Agree
0.1538461538
2
Agree
0.3076923077
Neither Agree nor
3
Disagree
0.3846153846
4
Disagree
0.1025641026
5
Strongly Disagree
0.05128205128
Total
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
1
5
2.59
1.09
1.04
39

8. What do you feel when you are in a natural outdoor setting? (Mark ALL that apply)
#
Answer
Bar
Response
%
1
Joy
0.7435897436
29
74%
2
Fear
0.02564102564
1
3%
3
Curiosity
0.5128205128
20
51%
4
Excitement
0.4871794872
19
49%
5
Anxiety
0.02564102564
1
3%
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6
7
9

Peacefulness
Indifference
Other

Statistic
Min Value
Max Value
Total Responses

Value
1
9
39

0.8717948718
0
0.05128205128

34
0
2

9. How satisfied are you with the environmental conditions in your community?
#
Answer
Bar
Response
1
Very Satisfied
0.1794871795
7
2
Satisfied
0.3846153846
15
3
Neither
0.2051282051
8
4
Dissatisfied
0.2051282051
8
5
Very Dissatisfied
0.02564102564
1
Total
39
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

%
18%
38%
21%
21%
3%
100%

Value
1
5
2.51
1.2
1.1
39

10. Do you think your community is able to address important environmental
contamination/pollution issues successfully?
#
Answer
Bar
Response
1
Yes
0.5641025641
22
2
No
0.3076923077
12
3
Other
0.1282051282
5
Total
39
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

87%
0%
5%

Value
1
3
1.56
0.52
0.72
39
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%
56%
31%
13%
100%

11. How much responsibility do you feel towards picking up litter (1 = lowest responsibility;
5 = highest responsibility)
#
Answer
Bar
Response
%
1
1
0.02631578947
1
3%
2
2
0.05263157895
2
5%
3
3
0.2105263158
8
21%
4
4
0.4210526316
16
42%
5
5
0.2894736842
11
29%
Total
38
100%
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
1
5
3.89
0.96
0.98
38

12. How much responsibility do you feel towards taking care of the water bodies in your
community (1 = lowest responsibility; 5 = highest responsibility)
#
Answer
Bar
Response
%
1
1
0.02631578947
1
3%
2
2
0.07894736842
3
8%
3
3
0.2105263158
8
21%
4
4
0.1578947368
6
16%
5
5
0.5263157895
20
53%
Total
38
100%
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
1
5
4.08
1.32
1.15
38

13. How much responsibility do you feel towards taking care of the overall environmental
quality and health of your community? (1 = lowest responsibility; 5 = highest responsibility)
#
Answer
Bar
Response
%
1
1
0
0
0%
2
2
0.05263157895
2
5%
3
3
0.1578947368
6
16%
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4
5

4
5
Total

Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
2
5
4.21
0.82

0.3157894737
0.4736842105

12
18
38

32%
47%
100%

0.91
38

14. How concerned are you about the quality of your soil? 1 = lowest concern and 5 =
highest concern)
#
Answer
Bar
Response
%
1
1
0.05263157895
2
5%
2
2
0.2105263158
8
21%
3
3
0.2105263158
8
21%
4
4
0.3157894737
12
32%
5
5
0.2105263158
8
21%
Total
38
100%
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
1
5
3.42
1.44
1.2
38

15. How concerned are you about climate change impacting your community? 1 = lowest
concern and 5 = highest concern)
#
Answer
Bar
Response
%
1
1
0.05263157895
2
5%
2
2
0.02631578947
1
3%
3
3
0.1842105263
7
18%
4
4
0.3421052632
13
34%
5
5
0.3947368421
15
39%
Total
38
100%
Statistic
Min Value

Value
1
146

Max Value
Mean
Variance
Standard
Deviation
Total Responses

5
4
1.19
1.09
38

16. How concerned are you about the quality of your water? (1 = lowest concern and 5 =
highest concern)
#
Answer
Bar
Response
%
1
1
0.02631578947
1
3%
2
2
0.02631578947
1
3%
3
3
0.07894736842
3
8%
4
4
0.2894736842
11
29%
5
5
0.5789473684
22
58%
Total
38
100%
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
1
5
4.37
0.89
0.94
38

17. How concerned are you about your air quality (1 = lowest concern and 5 = highest
concern)
#
Answer
Bar
Response
%
1
1
0
0
0%
2
2
0.05263157895
2
5%
3
3
0.1315789474
5
13%
4
4
0.3947368421
15
39%
5
5
0.4210526316
16
42%
Total
38
100%
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
2
5
4.18
0.75
0.87
38
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18. How would you rate the overall quality of the water bodies throughout your community?
#
Answer
Bar
Response
%
1
A+
0.02631578947
1
3%
2
A0.05263157895
2
5%
3
B+
0.3947368421
15
39%
4
B0.1842105263
7
18%
5
C+
0.1315789474
5
13%
6
C0.1578947368
6
16%
7
D+
0.02631578947
1
3%
8
D0
0
0%
9
F
0.02631578947
1
3%
Total
38
100%
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
1
9
4.08
2.56
1.6
38

19. How would you rate the overall air quality throughout your community?
#
Answer
Bar
Response
1
A+
0.05263157895
2
2
A0.2368421053
9
3
B+
0.2631578947
10
4
B0.1842105263
7
5
C+
0.1842105263
7
6
C0.07894736842
3
7
D+
0
0
8
D0
0
9
F
0
0
Total
38
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Value
1
6
3.45
1.93
1.39
38
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%
5%
24%
26%
18%
18%
8%
0%
0%
0%
100%

20. What is your age?
#
Answer
1
18-29
2
30-39
3
40-49
4
50-59
5
60-70
6
71 years and older
7
Prefer not to say
Total
Statistic
Min Value
Max Value
Mean
Variance
Standard
Deviation
Total Responses

Bar
0.2105263158
0.4736842105
0.05263157895
0.1052631579
0.1315789474
0.02631578947
0

%
21%
47%
5%
11%
13%
3%
0%
100%

Response

%

0
0

0%
0%

0

0%

1

3%

2

5%

2
3
11
17
1
3
1

5%
8%
29%
45%
3%
8%
3%

Value
1
6
2.55
2.04
1.43
38

21. What is the highest education level that you have completed?
#
Answer
Bar
No schooling
1
completed
0
2
Preschool to 8th grade
0
Some high school, no
3
diploma
0
High school graduate,
diploma or the
equivalent (for
4
example: GED)
0.02631578947
Some college credit, no
5
degree
0.05263157895
Trade/technical/vocatio
6
nal training
0.05263157895
7
Associate degree
0.07894736842
8
Bachelor’s degree
0.2894736842
9
Master's degree
0.4473684211
10
Professional degree
0.02631578947
11
Doctorate degree
0.07894736842
12
Prefer not to say
0.02631578947
Statistic

Response
8
18
2
4
5
1
0
38

Value
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Min Value
Max Value
Total Responses

4
12
38

22. Ethnicity origin (or Race): Please specify your ethnicity.
#
Answer
Bar
American Indian or
1
Alaska Native
0
2
African American
0.02631578947
3
African
0
4
Asian
0
5
Caribbean
0
6
Caucasian
0.8421052632
7
Hispanic
0.1052631579
8
Indian
0
9
Latino/a
0.05263157895
Native Hawaiian or
10
Pacific Islander
0
11
Other
0.02631578947
12
Prefer not to say
0.05263157895
Statistic
Min Value
Max Value
Total Responses

Value
2
12
38

23. What is your zip code?
Text Response
39759
81401
93001
93023
60302
93001
98199
95008
89178
60304
77598
93003
85234
91105
27530
60046
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Response

%

0
1
0
0
0
32
4
0
2

0%
3%
0%
0%
0%
84%
11%
0%
5%

0
1
2

0%
3%
5%

72701
93001
60172
93003
39759
93004
39759
93001
34239
34239
93003
93001
39759
80203
85140
39759
60402
60188
11561
38827
35
Statistic
Total Responses

Value
36

24. What is your street name?
Text Response
West Wood
Park ave
Nye
Daly Rd.
Wisconsin Ave
Meta st.
33rd Ave w
La Con ct.
glorious moon
South Elmwood
Texas Ave
Ventura
Sailors Way
Arroyo Parkway
Mill Stone Dr
Pine View Pass
Cleveland St
Wall
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Whippoorwill
monroe
W. Wood St.
Mara
Lee Blvd
Seal Court
Upper Tangelo
Upper Tangelo dr
Wake Forrest
Main
Stark
Logan
Quentin lane
South
Montgomery
Ridgeland
Glen Court
Park
Statistic
Total Responses

Value
35

25. Please feel free to leave any additional comments regarding your interest, sensitivity, and
responsibility to both your local and global environment.
Text Response
I am interested in protecting, conserving, but also enjoying our environment. I think people
need to focus more on how we can interact and enjoy the environment, while also acting on
our responsibilities to respect and protect it. I am hoping to influence future generations to
participate and invest in the enjoyment and care of our local, national, and global
environment. It has and will continue to become less about what we want and more about
what we need from our environment.
I am an organic beekeeper in McHenry County, Illinois. I often see trails in grid like patterns
laid down in he skies above me. It looks lie contrail but doesn't evaporate; it just spreads
across the sky. I have been told they are "geo-engineering" or "chemtrails."I want to know
what they are, who is doing it, and why. In California the Community around Mt. Shasta is
up in arms over the aluminum particulate mater in the snows of Mt. Shasta that has only
been accumulating there in recent years.
Data tells me that we have some smog in our community but I feel very confident that our air
quality is the best in an area influenced by Los Angeles BUT this is a great place to live!.
Statistic
Total Responses

Value
3
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2019 survey participant script

The following online survey will help in the understanding of a community’s knowledge, beliefs,
and behavior regarding their local environment pertaining to water resources, especially as
affected by human activity.

By continuing, you are agreeing to participate in the research. If you choose to participate in this
study, you will be asked to complete a short survey that will take about 10 minutes to complete.
Your responses are voluntary and will be confidential. Responses will not be identified by
individual. All responses will be compiled together and analyzed as a group.

If you have any questions or concerns about this research project, please feel free to contact Julia
Domenech at jad489@msstate.edu or Dr. Renee Clary rmc192@msstate.edu. Please understand
that your participation is voluntary. Your refusal to participate will involve no penalty of
benefits to which you are otherwise entitled. You may discontinue your participation at any
time without penalty or loss of benefits.

Thank you for your participation and interest in this research. If you would like to proceed please
click on the begin survey button below.

Survey 2 report
Community Perceptions of Water Resources in Local Environments
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Q1 - Which of the following best describes the type of community you live in?
#

Answer

%

Count

1

Urban

25.00%

36

2

Suburban

46.53%

67

3

Rural

7.64%

11

4

I don't know

20.83%

30

Total

100%

144

Q2 - Which of the following natural and/or artificial water bodies are in your community?
Mark ALL that apply.
#

Answer

%

Count

1

Rivers and/or streams

20.53%

93

2

Groundwater

15.67%

71

3

Ocean

18.76%

85

4

Lake(s)

14.35%

65

5

Reservoir(s)

7.28%

33

6

Aqueduct(s)

3.53%

16

7

Stormwater drain(s)

17.44%

79

8

Other... Please explain

2.43%

11

Total

100%

453

Q3 - Which of the following natural hazards that can affect recreational water quality have you
experienced while living in your community? Mark ALL that apply.
#

Answer

%

Count

1

Flooding

25.64%

90

2

Mudslide

17.66%

62

3

Stormwater runoff

21.37%

75

4

Severe weather (tornado, hurricane)

5.98%

21

5

Tsunami

2.56%

9
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6

Wildfire

26.78%

94

Total

100%

351

Q4 - How much time do you spend using your local water bodies recreationally and/or for
work?
Std
# Field
Minimum Maximum
Mean
Variance Count
Deviation
How much time do
you spend using
1 your local water
1.00
6.00
2.63
1.38
1.90
144
bodies recreationally
and/or for work?
#

Answer

%

Count

1

I do not spend any time in the water.

15.97%

23

2

1-2 days a month

47.22%

68

3

1 day per week

13.19%

19

4

2-3 days per week

11.11%

16

5

4-6 days per week

6.25%

9

6

Every day of the week.

6.25%

9

Total

100%

144

Q5 - Which water activities do you enjoy regularly and/or do for work?
#

Answer

%

Count

1

Lifeguard

2.00%

7

2

Ocean instructor (surf, kayak, dive, etc.)

3.43%

12

3

Surfing

10.29%

36

4

Swimming

27.43%

96

5

Sailing and/or boating

6.29%

22

6

Kayaking

5.71%

20

7

Paddle boarding

6.29%

22

8

Fishing

8.86%

31
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9

Diving/snorkeling

6.86%

24

10

Wind/kite surfing

0.29%

1

11

Bodysurfing

9.71%

34

12

Water photography

4.86%

17

13

None

8.00%

28

Total

100%

350

Q6 - After a rainstorm, how many hours do you typically wait before entering a body of
water?
Std
# Field
Minimum Maximum Mean
Variance Count
Deviation
After a rainstorm,
how many hours do
you typically wait
1
1.00
6.00
2.99 1.58
2.48
141
before entering a
body of water? Selected Choice
#

Answer

%

Count

1

I don't wait.

26.95%

38

2

12-24 hours

14.89%

21

3

24-48 hours

17.73%

25

4

48-72 hours

15.60%

22

5

72 hours and more

22.70%

32

6

I can't wait... Please explain

2.13%

3

Total

100%

141

Q9 - Does the color or smell of the water ever stop you from entering that water?
#

Field

Minimum

Maximum

Mean

Std
Deviation

Variance Count

1

Does the color or
smell of the water
ever stop you from
entering that water? Selected Choice

1.00

3.00

1.31

0.61

0.37

157

115

#

Answer

%

Count

1

Yes

76.52%

88

2

No

15.65%

18

3

Sometimes... Please explain

7.83%

9

Total

100%

115

Q7 - Do you use the color and/or smell of the water to help you determine the quality of the
water? If you answered no, then skip questions 8 and 9.
Std
# Field
Minimum Maximum
Mean
Variance
Count
Deviation
Do you use the
color and/or smell
of the water to
help you
determine the
1
1.00
2.00
1.34
0.47
0.22
142
quality of the
water? If you
answered no, then
skip questions 8
and 9.
#

Answer

%

Count

1

Yes

66.20%

94

2

No

33.80%

48

Total

100%

142

Q8 - If you use the color or clarity of the water to help you determine the quality of the water,
what color water seems unhealthy to you? Mark ALL that apply.
#

Answer

%

Count

1

Black

21.15%

70

2

Turbid (cloudy)

16.62%

55

3

Blue

3.63%

12

4

Green

12.69%

42

5

Brown

23.26%

77

6

Rust

21.45%

71

158

7

Other... Please explain

1.21%

4

Total

100%

331

Q10 - If you had access to up-to-date information about the water quality at your local beach
for example,
Std
# Field
Minimum Maximum Mean
Variance Count
Deviation
If you had access to
up-to-date
information about
1 the water quality at
1.00
3.00
1.15 0.40
0.16
144
your local beach for
example, - Selected
Choice
#

Answer

%

Count

1

Yes

86.11%

124

2

No

12.50%

18

3

Sometimes... Please explain

1.39%

2

Total

100%

144

Q10_3_TEXT - Sometimes... Please explain
Sometimes... Please explain - Text
Only if I'm swimming
If I hear something that makes me think I should check but no, not routinely
Q11 - If you see a posted sign stating that the water is polluted, would you avoid getting in that
water?
Std
# Field
Minimum Maximum Mean
Variance Count
Deviation
If you see a posted
sign stating that the
water is polluted,
1 would you avoid
1.00
3.00
1.15 0.45
0.20
144
getting in that
water? - Selected
Choice
159

#

Answer

%

Count

1

Yes

88.19%

127

2

No

8.33%

12

3

Sometimes... Please explain

3.47%

5

Total

100%

144

Q11_3_TEXT - Sometimes... Please explain
Sometimes... Please explain - Text
if the waves were good it doesnt matter
It depends on if I have to work/how good the surf is
I’ll use my own personal experience in conjunction to the water quality reports and recent rain
fall to make a call. On occasion I’ll still enter the water.
Depends on how long it’s been and what the water looks like.
Depends on how good the surf looks
Q12 - Has recreating in your local water body impacted by stormwater runoff ever gotten you
sick with a waterborne illness?
Std
# Field
Minimum
Maximum Mean
Variance
Count
Deviation
Has recreating in
your local water
body impacted by
1 stormwater runoff
1.00
3.00
2.19
0.62
0.39
144
ever gotten you
sick with a
waterborne illness?
#

Answer

%

Count

1

Yes

11.81%

17

2

No

57.64%

83

3

I don't know

30.56%

44

Total

100%

144

160

Q13 - If you answered yes to the previous question, which symptoms have you experienced?
Mark ALL that apply.
#

Answer

%

Count

1

Vomiting

17.50%

7

2

Diarrhea

20.00%

8

3

Nausea

22.50%

9

4

Skin infection

17.50%

7

5

Other... Please explain

22.50%

9

Total

100%

40

Q13_5_TEXT - Other... Please explain
Other... Please explain - Text
Rash
I did not answer yes
Smegma/stinging urine
Sinus infection
Skin rash
Sinus infection
I have suffers multiple bouts of head colds/ sinus infections from entering the water after it
rained
Sinus infection
Flu-like symptoms
Q14 - Specifically, what are the most likely sources of water pollution that affect your local
environment? Mark ALL that apply.
#

Answer

%

Count

1

Pesticides and fertilizers

15.36%

80

2

Stormwater runoff

16.89%

88

3

Petroleum associated activities (oil, gas, coal)

10.94%

57

4

Trash

20.73%

108

161

5

Plastics

19.58%

102

6

Bacteria

14.97%

78

7

Other... Please explain

1.54%

8

Total

100%

521

Q14_7_TEXT - Other... Please explain
Other... Please explain - Text
Wild Fires
i

dont

know

Septic tank leakage
Fire debris
De-icing salts
Sewer system overflow
Wildlife
Duck poo in regards to our lakes
Q15 - How would you rate the overall quality of the recreational water in your community?
#

Field

Minimum

Maximum Mean

Std
Deviation

Variance

Count

1

How would you rate
the overall quality
of the recreational
water in your
community?

1.00

5.00

0.79

0.63

143

2.54

#

Answer

%

Count

1

A (excellent)

7.69%

11

2

B (good)

40.56%

58

3

C (ok)

43.36%

62

4

D (poor)

6.99%

10

5

F (very poor)

1.40%

2

162

Total

100%

143

Q16 - To what extent do you agree or disagree with the following statements: I am exposed
to water pollution while I am at WORK.
#

Field

Minimum

Maximum

Mean

Std
Deviation

Variance Count

1

To what extent do
you agree or
disagree with the
following
statements: I am
exposed to water
pollution while I
am at WORK.

1.00

5.00

3.69

1.08

1.16

144

#

Answer

%

Count

1

Strongly agree

4.86%

7

2

Agree

5.56%

8

3

Neither agree nor disagree

32.64%

47

4

Disagree

29.86%

43

5

Strongly disagree

27.08%

39

Total

100%

144

Q17 - To what extent do you agree or disagree with the following statements: I am exposed
to water pollution throughout my local environment.
Std
# Field
Minimum Maximum Mean
Variance Count
Deviation
To what extent do
you agree or
disagree with the
following
1 statements: I am
1.00
5.00
2.78 0.96
0.92
144
exposed to water
pollution throughout
my local
environment.
#

Answer

%

Count

1

Strongly agree

6.94%

10

163

2

Agree

33.33%

48

3

Neither agree nor disagree

38.89%

56

4

Disagree

15.97%

23

5

Strongly disagree

4.86%

7

Total

100%

144

Q18 - How satisfied are you with the environmental conditions of your recreational water
bodies in your community?
Std
# Field
Minimum Maximum
Mean
Variance Count
Deviation
How satisfied are
you with the
environmental
1 conditions of your
1.00
5.00
2.71
0.93
0.86
143
recreational water
bodies in your
community?
#

Answer

%

Count

1

Extremely satisfied

7.69%

11

2

Moderately satisfied

34.97%

50

3

Neither satisfied nor dissatisfied

40.56%

58

4

Moderately dissatisfied

12.59%

18

5

Extremely dissatisfied

4.20%

6

Total

100%

143

Q19 - Do you think your community is able to address environmental water pollution issues
successfully?
Std
# Field
Minimum Maximum Mean
Variance Count
Deviation
Do you think your
community is able to
address
1 environmental water
1.00
3.00
1.44 0.60
0.36
144
pollution issues
successfully? Selected Choice
164

#

Answer

%

Count

1

Yes

61.11%

88

2

No

33.33%

48

3

Other... Please explain

5.56%

8

Total

100%

144

Q19_3_TEXT - Other... Please explain
Other... Please explain - Text
No but yes, maybe later on all of us can realize what we're doing wrong. but as of now, the
Ventura community is not able to successfully address it.
i dont know
i do not know
Not sure
Yes but differing opinions and political views have halted this process.
Not sure there is like one tiny pond
Q20 - How concerned are you with the quality of your local recreational water.
#

Field

Minimum

Maximum

Mean

Std
Deviation

Variance Count

1

How concerned are
you with the quality
of your local
recreational water?

1.00

4.00

2.37

0.94

0.88

#

Answer

%

Count

1

I feel extremely concerned

16.78%

24

2

I feel somewhat concerned

44.76%

64

3

I feel minimal concern

23.08%

33

4

I am not concerned

15.38%

22

Total

100%

143

165

143

Q21 - How much responsibility do you feel towards fixing the water pollution in your
community?
Std
# Field
Minimum Maximum Mean
Variance Count
Deviation
How much
responsibility do you
1 feel towards fixing
1.00
5.00
3.00
1.16
1.35
144
the water pollution
in your community?
#

Answer

%

Count

1

A great deal

12.50%

18

2

A lot

19.44%

28

3

A moderate amount

34.03%

49

4

A little

23.61%

34

5

None at all

10.42%

15

Total

100%

144

Q22 - How much responsibility do you feel towards taking care of your LOCAL water bodies?
#

Field

Minimum

Maximum Mean

Std
Deviation

Variance Count

1

How much
responsibility do you
feel towards taking
care of your LOCAL
water bodies?

1.00

5.00

1.18

1.38

2.65

144

#

Answer

%

Count

1

A great deal

19.44%

28

2

A lot

27.08%

39

3

A moderate amount

30.56%

44

4

A little

15.28%

22

5

None at all

7.64%

11

Total

100%

144

166

Q23 - How much responsibility do you feel towards taking care of GLOBAL water bodies?
#

Field

Minimum

Maximum Mean

Std
Deviation

Variance Count

1

How much
responsibility do you
feel towards taking
care of GLOBAL
water bodies?

1.00

5.00

1.21

1.47

2.55

144

#

Answer

%

Count

1

A great deal

22.92%

33

2

A lot

29.86%

43

3

A moderate amount

24.31%

35

4

A little

15.28%

22

5

None at all

7.64%

11

Total

100%

144

Q24 - Do you think living near an urbanized area can cause poor recreational water quality?
#

Field

Minimum

Maximum

Mean

Std
Deviation

Variance Count

1

Do you think living
near an urbanized
area can cause poor
recreational water
quality? - Selected
Choice

1.00

3.00

1.40

0.60

0.36

#

Answer

%

Count

1

Yes

66.67%

96

2

No

27.08%

39

3

Maybe... Please explain

6.25%

9

Total

100%

144

167

144

Q24_3_TEXT - Maybe... Please explain
Maybe... Please explain - Text
It depends on the residents living there.
Many people may use hazardous cleaning chemicals and dispose of them properly
Urban areas can certainly be places that focus sewage and storm drain runoff, but rural areas
also have problems related to fertilizers and pesticides.
Depends on the city. I live in a city and feel the recreational water quality is excellent.
I'm not sure dont know enough to answer
if water is not take care of then yes
Q25 - How would you rate your knowledge of stormwater green infrastructure (SGI)?
#

Field

Minimum

Maximum

Mean

Std
Deviation

Variance Count

1

How would you rate
your knowledge of
stormwater green
infrastructure (SGI)?

1.00

5.00

3.87

1.17

1.36

143

#

Answer

%

Count

1

A (expert)

4.20%

6

2

B (above average)

9.09%

13

3

C (average)

23.08%

33

4

D (below average)

23.08%

33

5

F (I have no idea what SGI is)

40.56%

58

Total

100%

143

Q26 - What role do wetlands play to help reduce the impact of excessive stormwater runoff?
Mark ALL that apply.
#

Answer

%

Count

1

Wetlands reduce the impact of flooding.

34.16%

83

2

Wetlands prevent coastline erosion from wave action.

34.16%

83

3

Wetlands absorb pollutants and improve water quality.

31.69%

77

168

Total

100%

243

Q27 - What is your age?
# Field

Minimum

Maximum

Mean

Std Deviation

Variance

Count

1 What is your age?

1.00

8.00

5.07

3.07

9.45

143

#

Answer

%

Count

8

18-29

18.18%

26

1

30-39

19.58%

28

2

40-49

5.59%

8

3

50-59

2.80%

4

4

60-70

2.10%

3

5

71 years and older

0.70%

1

6

Prefer not to answer

1.40%

2

7

18 and younger

49.65%

71

Total

100%

143

Q28 - What is the highest education level that you have completed?
# Field

Minimum Maximum Mean

Std
Deviation

Variance Count

What is the highest
1 education level that you
have completed?

1.00

3.45

11.93

143

11.00

4.90

#

Answer

%

Count

1

Preschool to 8th grade

17.48%

25

2

Some high school, no diploma

27.27%

39

3

High school graduate, diploma or the equivalent (for
example: GED)

2.80%

4

4

Some college credit, no degree

6.99%

10

5

Trade/technical/vocational training

0.70%

1

6

Associate degree

3.50%

5

169

7

Bachelor’s degree

12.59%

18

8

Master’s degree

11.89%

17

9

Professional degree

0.70%

1

10

Doctorate degree

9.09%

13

11

Prefer not to answer

6.99%

10

Total

100%

143

Q29 - Ethnicity: Please specify your ethnicity.
# Field

Minimum

Maximum

Mean

Std
Deviation

Variance Count

Ethnicity: Please
1 specify your ethnicity. Selected Choice

1.00

13.00

7.18

2.50

6.25

141

#

Answer

%

Count

1

American Indian or Alaska Native

2.84%

4

2

African American

2.84%

4

3

African

0.00%

0

4

Asian

0.71%

1

5

Caribbean

0.71%

1

6

Caucasian

43.97%

62

7

Hispanic

19.86%

28

8

Indian

2.13%

3

9

Latino/a

12.06%

17

10

Native Hawaiian or Pacific Islander

0.71%

1

11

Multi-ethnic

7.09%

10

12

Other

2.13%

3

13

Prefer not to answer

4.96%

7

Total

100%

141

170

Q29_12_TEXT - Other
Other - Text
Hispanic
New Zealand pakeha
Q30 - What is your zip code?
Minimum Maximum Mean

Std
Deviation

Variance Count

1.00

1.62

2.62

140

# Answer

%

Count

1 93001

18.57%

26

2 93022

5.00%

7

3 93023

1.43%

2

4 93024

1.43%

2

Other... please specify zip code or include international geographic
information.

73.57%

103

Total

100%

140

# Field
1

5

What is your zip code? Selected Choice

5.00

4.06

Q30_5_TEXT - Other... please specify zip code not listed.
Other... please specify zip code or include international geographic information. - Text
idk
Ottawa Ontario Canada
New Zealand
Kuala Lumpur
I think it is 93004
98199
98195
96813
171

95630
95616
93069
93060
93060
93036
93033
93015
93007
93004
93004
93004
93004
93004
93004
93004
93004
93004
93004
93004
93004
93004
93004
93004
93004
93003
93003
93003
172

93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
93003
173

92376
92252
92128
91362
91360
91360
91301
90265
87112
87106
85287
85234
84302
80211
78751
77087
76116
76001
75701
75409
70508
60202
60137
60030
53704
53207
4815
47901
174

43725
43212
37216
33040
32578
1797TA Netherlands
13346
11561
53704
Q31 - Leave any additional comments or thoughts regarding what your local water bodies
mean to you (your interest, sensitivity, responsibility, etc.).
it means a lot to me because we need the water to live and we need to keep it clean
I am not involved in water-like activities but that does not mean no ones does, it is important
that everyone takes responsibility because one way or another were all affected
everyone have responsibility about the local water bodies.
i have never really thought of my local bodies of water but now that i do i can say that i would
like to go help and clean up the beach and help pick up trash on the streets.
it means a lot to me
water keeps us healthy so I must care about our water quality for my safety
they mean a lot because i love the water.
bruh
I know how to help the bodies of water around me
nothing to say
The health of the wildlife that depend on our rivers is important to me
It’s hard for me to determine if the water quality is good near me. The ocean near me is much
cleaner than most of the world but Waikiki beach is also one of the “dirtiest” beaches on Oahu.
That being said, all of beaches on Oahu (even the ones with the “cleanse” water) turn
extremely brown and dirty with runoff and they are often times not safe to swim in (sometimes
up to weeks if it is stormy). I also say clean and dirty in quotation marks because I am going
off of what I can visually see (trash &brown water) and not sure if it is actually accurate when
it comes to not visible to the naked eye pollutants.
I live in the desert and there’s only one pond I know of and no one gets in it.
175

We recently attended a water festival (family estuary festival) put in by the state park near us.

Survey 2 questions
Background
Which of the following best describes the type of community you live in?
a)

Urban

b)

Suburban

c)

Rural

d)

I don’t know

e)

N/A

What type(s) of natural and/or artificial water bodies are a part of your community? (Mark ALL
that apply)
a)

River and stream

b)

Groundwater

c)

Ocean

d)

Lake(s)

e)

Reservoir(s)

f)

Aqueduct(s)

g)

Stormwater drains

h)

Other… please explain
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What type(s) of hazards that may lead to recreational water pollution have you experienced while
living in your community? (Mark ALL that apply)
a)

Flooding

b)

Mudslides

c)

Stormwater runoff

d)

Severe weather (tornadoes, hurricanes)

e)

Tsunamis

f)

Wildfires

How often do you spend time using water bodies recreationally or for work?
a)

I do not spend any time in water

b)

1-2 days a month

c)

1 day per week

d)

2-3 days per week

e)

4-6 days per week

f)

Every day of the week

Which water activities do you participate in and/or work? (Mark ALL that apply)
a)

Lifeguard

b)

Ocean instructor (surf, kayak, etc.)

c)

Surfing

d)

Swimming

e)

Sailing and/or boating
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f)

Kayaking, paddle boarding, and/or canoeing

g)

Fishing

h)

Diving and/or snorkeling

i)

Windsurfing/kitesurfing

j)

Bodysurfing

k)

Photography

l)

None

After a rainstorm, how many hours do you typically wait before entering a water body?
a)

I do not wait

b)

I cannot wait... please explain

c)

12-24 hours

d)

24-48 hours

e)

48-72 hours

f)

72 hours and more

g)

Other... please explain

Do you use the color or smell of the water to help you determine the quality of the water? (If
you answer No, skip questions 8 and 9)
a)

Yes

b)

No
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If you use the color of the water to help you determine the quality of the water, what color water
is unhealthy for you? (Mark ALL that apply)
a)

Clear

b)

Turbid (cloudy)

c)

Blue

d)

Green

e)

Brown

f)

Rust

g)

Other... please explain

Does the color or smell of the water ever keep you from entering the water body?
a)

Yes

b)

No

c)

Sometimes... please explain

If you had access to up-to-date information about the water quality at your local beach for
example, would you use it to help you avoid recreating in polluted water?
a)

Yes

b)

No

c)

Sometimes… please explain

If you were to see a posted sign that stated the water was polluted, would you avoid using the
water recreationally?
a)

Yes
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b)

No

c)

Sometimes… please explain

Has recreating in water after a rainstorm ever gotten you sick with a waterborne illness? For
example, surfing/swimming/lifeguarding when there has been stormwater runoff affecting your
surf break?
a)

Yes… please explain

b)

No

c)

I don’t know

Environmental Quality
Specifically, what are the most likely sources of water pollution that affect your local
environment? (Mark ALL that apply)
a)

Pesticides and fertilizers

b)

Stormwater runoff

c)

Petroleum (oil, gas, coal)

d)

Trash

e)

Plastics

f)

Bacteria

g)

Other… please explain

How would you rate the overall quality of the recreational water in your community?
a)

A (excellent)
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b)

B (good)

c)

C (ok)

d)

D (poor)

e)

F (very poor)

To what extent do you agree or disagree with the following statements.
I am exposed to water pollution while I am at HOME.
a) Strongly Disagree
b) Disagree
c) Neither agree nor disagree
d) Agree
e) Strongly Agree

I am exposed to water pollution while I am at WORK.
a) Strongly Disagree
b) Disagree
c) Neither agree nor disagree
d) Agree
e) Strongly Agree

I am exposed to water pollution throughout my local environment.
a) Strongly Disagree
b) Disagree
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c) Neither agree nor disagree
d) Agree
e) Strongly Agree

Geocognition
What do you feel when you are using water recreationally? (Mark ALL that apply)
a)

Joy

b)

Fear

c)

Curiosity

d)

Excitement

e)

Anxiety

f)

Peacefulness

g)

Indifference

h)

I don’t know

i)

Other

How satisfied are you with the environmental conditions of your recreational water bodies in
your community?
a)

Very Satisfied

b)

Satisfied

c)

Neither

d)

Dissatisfied

e)

Very dissatisfied
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f)

I don’t know

Do you think your community is able to address environmental water pollution issues
successfully?
a)

Yes

b)

No

c)

Other… please explain

How concerned are you with the quality of your local recreational water.
a)

None whatsoever

b)

I feel minimal concern

c)

I feel some concern

d)

I feel concern

e)

I feel extremely concerned

Please rank your responsibility; 1 = lowest responsibility and 5 = highest responsibility.
1 = None whatsoever
2 = I feel minimal responsibility
3 = I feel some responsibility
4 = I feel responsible
5 = I go out of my way to do this

How much responsibility do you feel towards fixing the water pollution in your community?
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a) 1
b) 2
c) 3
d) 4
e) 5

How much responsibility do you feel towards taking care of your LOCAL water bodies?
a) 1
b) 2
c) 3
d) 4
e) 5

How much responsibility do you feel towards taking care of your GLOBAL water bodies?
a) 1
b) 2
c) 3
d) 4
e) 5

Geoliteracy
Do you think living near an urbanized area can decrease the quality of the recreational water?
a)

Yes
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b)

No

c)

Other… please explain

How would you rate your knowledge of stormwater green infrastructure (SGI)?
a)

A (expert knowledge)

b)

B (above average knowledge)

c)

C (average knowledge)

d)

D (below average knowledge)

e)

F (I have no idea what SGI is)

What role do wetlands play to help reduce the impact of excessive stormwater runoff? (Mark
ALL that apply)
a)

Wetlands reduce the impact of flooding.

b)

They prevent coastline erosion from wave action.

c)

They absorb pollutants and improve water quality.

d)

They provide habitat for plants and animals.

Demographics
What is your age?
a)

18 and younger

b)

18-29

c)

30-39

d)

40-49
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e)

50-59

f)

60-70

g)

71 years and older

h)

Prefer not to answer

What is the highest education level that you have completed?
a)

Preschool to 8th grade

b)

Some high school, no diploma

c)

High school graduate, diploma or the equivalent (for example: GED)

d)

Some college credit, no degree

e)

Trade/technical/vocational training

f)

Associate degree

g)

Bachelor’s degree

h)

Master’s degree

i)

Professional degree

j)

Doctorate degree

k)

Prefer not to answer

Ethnicity: Please specify your ethnicity.
a)

American Indian or Alaska Native

b)

African American

c)

African

d)

Asian
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e)

Caribbean

f)

Caucasian

g)

Hispanic

h)

Indian

i)

Latino/a

j)

Native Hawaiian or Pacific Islander

k)

Multi ethnic

l)

Other

m)

Prefer not to answer

What is your zip code?
a)

93001

b)

93022

c)

93023

d)

93024

e)

Other... please specify zip code if other

Please feel free to leave any additional comments with your thoughts on what your local water
bodies mean to you (your interest, sensitivity, responsibility, etc.
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APPENDIX D
SURFACE WATER SAMPLE RESULTS FOR JANUARY 9, 2015
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Table D.1

January 9, 2015 surface water sampling suspended particulate matter (SPM)
concentrations, suspended particulate inorganic matter (SPIM) concentrations,
suspended particulate organic matter (SPOM) concentrations.
Sample
Site
VRE 1A
VRE 2A
VRE 3A

Table D.2

SPM
(mg/L)
13.25
5.75
11.50

SPIM
(mg/L)
4.25
1.25
2.50

SPOM
(mg/L)
9.00
4.50
9.00

January 9, 2015 water sampling GPS locations for UTM 11S.
January 9, 2015 Transect Coordinates for UTM 11S
Sample Site
Latitude
Longitude
VRE 1A
34°16'36.22"N 119°18'32.81"W
VRE 2A
34°16'34.27"N 119°18'33.27"W
VRE 3A
34°16'32.75"N 119°18'34.87"W
VRS
34°16'33.65"N 119°18'34.93"W
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Figure D.1

Figure 3.3 Three surface water and one sediment sample and their locations in the
Ventura River Estuary (VRE). Sampling date: January 9, 2015 (Google Earth
imagery, May 2015).
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Table D.3

January 9, 2015 water sampling chemical element analysis results.
Ventura River estuary water sample VRE 1A, ID# 150114002-001
Order ID

Sample ID

Test

Result

Units

150114002

150114002-001

Aluminum

0.582

ppm

150114002

150114002-001

Antimony

ND

ppm

150114002

150114002-001

Arsenic

ND

ppm

150114002

150114002-001

Barium

0.129

ppm

150114002

150114002-001

Beryllium

ND

ppm

150114002

150114002-001

Cadmium

ND

ppm

150114002

150114002-001

Calcium

214.497

ppm

150114002

150114002-001

Chromium

0.003

ppm

150114002

150114002-001

Copper

0.127

ppm

150114002

150114002-001

Lead

0.129

ppm

150114002

150114002-001

Magnesium

308.699

ppm

150114002

150114002-001

Manganese

0.040

ppm

150114002

150114002-001

Mercury

ND

ppb

150114002

150114002-001

Nickel

0.017

ppm

150114002

150114002-001

Potassium

100.271

ppm

150114002

150114002-001

Selenium

ND

ppm

150114002

150114002-001

Silver

ND

ppm

150114002

150114002-001

Sodium

2434.126

ppm

150114002

150114002-001

TSS

15.2

mg/L

150114002

150114002-001

Zinc

4.038

ppm
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Table D.3 (continued)
Ventura River estuary water sample VRE 2A, ID# 150114002-002
Order ID

Sample ID

Test

Result

Units

150114002

150114002-002

Aluminum

0.594

ppm

150114002

150114002-002

Antimony

ND

ppm

150114002

150114002-002

Arsenic

ND

ppm

150114002

150114002-002

Barium

0.110

ppm

150114002

150114002-002

Beryllium

ND

ppm

150114002

150114002-002

Cadmium

ND

ppm

150114002

150114002-002

Calcium

253.801

ppm

150114002

150114002-002

Chromium

0.043

ppm

150114002

150114002-002

Copper

0.156

ppm

150114002

150114002-002

Lead

0.127

ppm

150114002

150114002-002

Magnesium

442.477

ppm

150114002

150114002-002

Manganese

0.026

ppm

150114002

150114002-002

Mercury

ND

ppb

150114002

150114002-002

Nickel

0.019

ppm

150114002

150114002-002

Potassium

143.900

ppm

150114002

150114002-002

Selenium

ND

ppm

150114002

150114002-002

Silver

ND

ppm

150114002

150114002-002

Sodium

3594.077

ppm

150114002

150114002-002

TSS

15.2

mg/L

150114002

150114002-002

Zinc

3.819

ppm
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Table D.3 (continued)
Ventura River estuary water sample VRE 3A, ID# 150114002-003
Order ID

Sample ID

Test

Result

Units

150114002

150114002-003

Aluminum

1.018

ppm

150114002

150114002-003

Antimony

ND

ppm

150114002

150114002-003

Arsenic

ND

ppm

150114002

150114002-003

Barium

0.125

ppm

150114002

150114002-003

Beryllium

ND

ppm

150114002

150114002-003

Cadmium

ND

ppm

150114002

150114002-003

Calcium

249.290

ppm

150114002

150114002-003

Chromium

ND

ppm

150114002

150114002-003

Copper

0.123

ppm

150114002

150114002-003

Lead

0.126

ppm

150114002

150114002-003

Magnesium

281.548

ppm

150114002

150114002-003

Manganese

0.123

ppm

150114002

150114002-003

Mercury

ND

ppb

150114002

150114002-003

Nickel

0.007

ppm

150114002

150114002-003

Potassium

99.020

ppm

150114002

150114002-003

Selenium

ND

ppm

150114002

150114002-003

Silver

ND

ppm

150114002

150114002-003

Sodium

2223.576

ppm

150114002

150114002-003

TSS

143

ppm

150114002

150114002-003

Zinc

7.938

ppm
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Table D.3 (continued)
Ventura River estuary sediment sample VRS, ID# 150114002-004
Order ID

Sample ID

Test

Result

Units

150114002

150114002-004

Aluminum

1168.217

ppm

150114002

150114002-004

Antimony

0.255

ppm

150114002

150114002-004

Arsenic

1.354

ppm

150114002

150114002-004

Barium

24.144

ppm

150114002

150114002-004

Beryllium

0.016

ppm

150114002

150114002-004

Cadmium

0.093

ppm

150114002

150114002-004

Calcium

19981.807

ppm

150114002

150114002-004

Chromium

4.611

ppm

150114002

150114002-004

Copper

32.028

ppm

150114002

150114002-004

Lead

1.846

ppm

150114002

150114002-004

Magnesium

1583.179

ppm

150114002

150114002-004

Manganese

47.803

ppm

150114002

150114002-004

Mercury

4.0

ppb

150114002

150114002-004

Nickel

6.565

ppm

150114002

150114002-004

Potassium

766.862

ppm

150114002

150114002-004

Selenium

0.355

ppm

150114002

150114002-004

Silver

0.038

ppm

150114002

150114002-004

Sodium

834.439

ppm

150114002

150114002-004

Thallium

ND

ppm

150114002

150114002-004

Total Iron

3871.466

ppm

150114002

150114002-004

Zinc

453.839

ppm
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APPENDIX E
SURFACE WATER SAMPLE RESULTS FOR MARCH 11, 2015
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Table E.1

March 11, 2015 surface water sampling suspended particulate matter (SPM)
concentrations, suspended particulate inorganic matter (SPIM) concentrations,
suspended particulate organic matter (SPOM) concentrations.
Sample Site
VRE 1B
VRE 2B
VRE 3B
VRE 4B
VRE 5B
SBC 1
SBC 2
SBC 3
SBC 4
SBC 5
SBC 6
SBC 7
SBC 8
SBC 9

SPM
(mg/L)
60.00
21.00
21.50
41.00
79.00
102.75
110.75
103.00
83.50
108.00
108.75
105.75
84.25
112.25
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SPIM
(mg/L)
15.00
12.00
8.00
9.50
7.00
27.50
24.00
21.00
13.25
17.75
22.50
23.75
17.50
24.25

SPOM
(mg/L)
45.00
9.00
13.50
31.50
72.00
75.25
86.75
82.00
70.25
90.25
86.25
82.00
66.75
88.00

Table E.2

March 11, 2015 GPS locations for UTM 11S.
March 11, 2015 Transect Coordinates for UTM 11S
Sample Site
Latitude
Longitude
VRE 1B
34°16'36.88"N 119°18'32.56"W
VRE 2B
34°16'34.85"N 119°18'33.32"W
VRE 3B
34°16'33.44"N 119°18'33.91"W
VRE 4B
34°16'36.77"N 119°18'29.43"W
VRE 5B
34°16'31.19"N 119°18'27.07"W
SBC 1
34°16'12.64"N 119°18'46.20"W
SBC 2
34°16'1.13"N
119°18'12.54"W
SBC 3
34°15'56.39"N 119°17'30.90"W
SBC 4
34°15'25.79"N 119°18'51.84"W
SBC 5
34°15'18.24"N
119°18'1.09"W
SBC 6
34°15'36.50"N
119°17'3.07"W
SBC 7
34°14'58.50"N 119°19'15.79"W
SBC 8
34°14'47.95"N 119°17'47.68"W
SBC 9
34°14'56.23"N 119°16'53.58"W
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Table E.3

March 11, 2015 Secchi disk ocean water measurements.
Sample
Site
SBC 1
SBC 2
SBC 3
SBC 4
SBC 5
SBC 6
SBC 7
SBC 8
SBC 9

Secchi
Disk (ft)
19.00
31.00
31.00
14.00
20.00
31.00
15.00
15.00
15.00

198

Secchi
Disk (m)
5.79
9.45
9.45
4.27
6.10
9.45
4.57
4.57
4.57

Figure E.1

Surface water sample locations in the Ventura River estuary (VRE). Sampling
date: March 11, 2015 (Google Earth imagery, May 2015).
199

Figure E.2

Surface water sample locations in the Ventura River Estuary and Santa Barbara
Channel (SBC). Sampling date: March 11, 2015 (Google Earth imagery, May
2015).
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APPENDIX F
SURFACE WATER SAMPLE RESULTS FOR AUGUST 5, 2015
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Table F.1

August 5, 2015 surface water sampling suspended particulate matter (SPM)
concentrations, suspended particulate inorganic matter (SPIM) concentrations,
suspended particulate organic matter (SPOM) concentrations.
Sample
Site
VRE 1C
VRE 2C
VRE 3
VRE 4C
VRE 5C
SJD 6
PB 7
PB 8
PB 9

SPM
(mg/L)
20.00
10.50
19.50
14.75
12.25
21.00
69.25
58.25
54.00
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SPIM
(mg/L)
6.75
5.25
10.00
9.50
2.00
9.00
9.50
8.00
11.25

SPOM
(mg/L)
13.25
5.25
9.50
5.20
10.30
12.00
59.75
50.25
42.75

Table F.2

August 5, 2015 GPS coordinates for UTM 11S.
August 5, 2015 Transect Coordinates for UTM 11S
Sample Site
Latitude
Longitude
VRE 1C
34°16'36.81"N
119°18'32.48"W
VRE 2C
34°16'34.66"N
119°18'33.40"W
VRE 3
34°16'38.86"N
119°18'47.82"W
VRE 4C
34°16'36.87"N
119°18'29.35"W
VRE 5C
34°16'31.42"N
119°18'27.52"W
SJD 6
34°16'22.82"N
119°17'6.16"W
PB 7
34°16'30.67"N
119°17'30.97"W
PB 8
34°16'24.70"N
119°17'18.45"W
PB 9
34°16'14.63"N
119°17'3.36"W
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Figure F.1

Surface water sample locations in the Ventura River estuary (VRE). Sampling
date: August 5, 2015 (Google Earth imagery, May 2015).
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Figure F.2

Surface water sample locations along the coastline of Pierpont Bay (PB). Sampling
date: August 5, 2015 (Google Earth imagery, May 2015).
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APPENDIX G
SURFACE WATER SAMPLE RESULTS FOR APRIL 15, 2019
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Table G.1

April 15, 2019 surface water sampling suspended particulate matter (SPM)
concentrations, suspended particulate inorganic matter (SPIM) concentrations,
suspended particulate organic matter (SPOM) concentrations.
Sample
Site
1A
2A
3A
4A
5A
6A
7A
8A
9A
10A
11A
12A
13A
14A
15A
16A
17A
18A
19A
20A
21A
22A
23A
24A

SPM
(mg/L)
197.50
187.50
175.00
162.50
190.00
195.00
195.00
200.00
187.50
195.00
187.50
202.50
177.50
192.50
197.50
187.50
207.50
172.50
165.00
172.50
175.00
175.00
170.00
187.50

SPIM
(mg/L)
40.00
20.00
42.50
30.00
25.00
25.00
20.00
12.50
22.50
30.00
35.00
30.00
42.50
45.00
42.50
25.00
40.00
40.00
30.00
32.50
27.50
35.00
37.50
30.00
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SPOM
(mg/L)
157.50
167.50
132.50
132.50
165.00
170.00
175.00
187.50
165.00
165.00
152.50
172.50
135.00
147.50
155.00
162.50
167.50
132.50
135.00
140.00
147.50
140.00
132.50
157.50

Table G.2

April 15, 2019 GPS coordinates.
April 15, 2019 Transect Coordinates for UTM 11S
Sample Site
Latitude
Longitude
1A
34°16'17.55"N
119°20'36.51"W
2A
34°15'52.46"N
119°19'52.07"W
3A
34°15'32.30"N
119°19'13.09"W
4A
34°15'17.96"N
119°18'34.90"W
5A
34°15'16.83"N
119°18'1.95"W
6A
34°15'6.82"N
119°17'31.58"W
7A
34°14'25.89"N
119°17'19.53"W
8A
34°14'33.98"N
119°18'3.91"W
9A
34°14'38.11"N
119°18'44.83"W
10A
34°14'51.39"N
119°19'27.40"W
11A
34°15'16.39"N
119°20'9.88"W
12A
34°15'36.39"N
119°21'0.58"W
13A
34°14'43.81"N
119°21'10.42"W
14A
34°14'33.15"N
119°20'22.28"W
15A
34°14'13.15"N
119°19'39.99"W
16A
34°13'56.27"N
119°18'53.88"W
17A
34°13'56.25"N
119°18'6.36"W
18A
34°13'54.25"N
119°17'10.31"W
19A
34°13'23.76"N
119°17'52.51"W
20A
34°13'23.39"N
119°18'33.21"W
21A
34°13'26.19"N
119°19'12.36"W
22A
34°13'40.96"N
119°19'53.13"W
23A
34°13'58.08"N
119°20'33.35"W
24A
34°14'7.78"N
119°21'22.54"W
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Figure G.1

Surface water sample locations in the Santa Barbara Channel (SBC), Pacific
Ocean. Sampling date: April 15, 2019 (Google Earth imagery, 2019).
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APPENDIX H
SURFACE WATER SAMPLE RESULTS FOR MAY 8, 2019
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Table H.1

May 8, 2019 surface water sampling suspended particulate matter (SPM)
concentrations, suspended particulate inorganic matter (SPIM) concentrations,
suspended particulate organic matter (SPOM) concentrations.
Sample
Site
1B
2B
3B
4B
5B
6B
7B
8B
9B
10B
11B
12B
13B
14B
15B
16B
17B
18B
19B
20B
21B
22B
23B
24B

SPM
SPIM SPOM
(mg/L) (mg/L) (mg/L)
205.00
197.50
217.50
195.00
190.00
175.00
160.00
172.50
180.00
192.50
187.50
200.00
210.00
200.00
185.00
212.50
225.00
240.00
192.50
200.00
192.50
197.50
197.50
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40.00
35.00
37.50
42.50
37.50
37.50
40.00
45.00
32.50
42.50
40.00
27.50
42.50
35.00
40.00
47.50
30.00
42.50
40.00
40.00
57.50
67.50
37.50

165.00
162.50
180.00
152.50
152.50
137.50
120.00
127.50
147.50
150.00
147.50
172.50
167.50
165.00
145.00
165.00
195.00
197.50
152.50
160.00
135.00
130.00
160.00

Table H.2

May 8, 2019 GPS coordinates.
May 8, 2019 Transect Coordinates for UTM 11S
Sample Site
Latitude
Longitude
1B
34°16'17.55"N
119°20'36.51"W
2B
34°15'52.46"N
119°19'52.07"W
3B
34°15'32.30"N
119°19'13.09"W
4B
34°15'17.96"N
119°18'34.90"W
5B
34°15'16.83"N
119°18'1.95"W
6B
34°15'6.82"N
119°17'31.58"W
7B
34°14'25.89"N
119°17'19.53"W
8B
34°14'33.98"N
119°18'3.91"W
9B
34°14'38.11"N
119°18'44.83"W
10B
34°14'51.39"N
119°19'27.40"W
11B
34°15'16.39"N
119°20'9.88"W
12B
34°15'36.39"N
119°21'0.58"W
13B
34°14'43.81"N
119°21'10.42"W
14B
34°14'33.15"N
119°20'22.28"W
15B
34°14'13.15"N
119°19'39.99"W
16B
34°13'56.27"N
119°18'53.88"W
17B
34°13'56.25"N
119°18'6.36"W
18B
34°13'54.25"N
119°17'10.31"W
19B
34°13'23.76"N
119°17'52.51"W
20B
34°13'23.39"N
119°18'33.21"W
21B
34°13'26.19"N
119°19'12.36"W
22B
34°13'40.96"N
119°19'53.13"W
23B
34°13'58.08"N
119°20'33.35"W
24B
34°14'7.78"N
119°21'22.54"W
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Figure H.1

Surface water sample locations in the Santa Barbara Channel (SBC), Pacific
Ocean. Sampling date: May 8, 2019 (Google Earth imagery, 2019).
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